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Galvanic Aluminum Anodes 
For Cathodic Protection* 


By R. B. Hoxeng,* E. D. Verink,** R. H. Brown* ** 


¥VER 100 years ago, Sir 
Q Humphrey Davy’ described the 
prevention of corrosion by a practice 
which today is known as cathodic 
protection. Since that time, theoreti- 
cal principles of cathodic protection 
have been formulated and numerous 
applications have been made.”** 

According to the electrochemical 
interpretation, corrosion is a dissolu- 
tion of metal at the anode of a gal- 
vanic cell occurring simultaneously 
with the passage of an electric cur- 
cent between the anode and cathode. 
The driving force of the corrosion 
reaction is the difference in the elec- 
trolytic potentials of the anodic and 
cathodic areas. The amount of elec- 
tric current passed is limited by 
many factors, such as ohmic resist- 
ance of the circuit, and polarization 
of the anodic and cathodic areas. 
Numerous causes of potential dif- 
ferences on metal surfaces have been 
given ;> sufficient for this discussion 


*% A paper presented at the Annual Meeting 
of NACE in Chicago, Ill, April 7-10, 1947. 

*Chemical Metallurgy Division, Aluminum 
Research Labs., Aluminum Co. of America, New 
Kensington, Pa. 

** Chemical Section, Development Division, 
Aluminum Co, of America, New Kensington. Pa. 

*** Chief, Chemical Metallurgy Division, 
Aluminum Research Labs., Aluminum Co. of 
America, New Kensington, Pa. 
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is the fact that on underground steel 
pipelines there are often differences 
of potential adequate to cause an 
appreciable flow of electric current 
resulting in serious corrosion of the 
structure. 

In its simplest explanation, ca- 
thodic protection utilizes an applied 
direct current to polarize cathodic 
areas of the steel pipe to the poten- 
tial of the anodic areas of the pipe.* 
The dissolution of metal at the an- 
odic areas then ceases, since there 
is no driving force for the passage 
of electric current. A simple method 
of cathodically protecting a pipeline 
takes advantage of the fact that cer- 
tain metals, such as aluminum, mag- 
nesium and zinc, are sufficiently 
anodic to steel that if they are buried 
and electrically connected to the 
pipeline, a flow of direct current will 
be obtained. Metals used in this 
manner have been termed galvanic 
anodes, because the flow of current 
depends on the spontaneous poten- 
tial developed in the galvanic cell, 
the electrodes of which are the an- 
odic metal and the steel pipeline. 

It is the object of this paper to de- 
scribe the progress that has been 
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made in the development of galvanic 
aluminum anodes and to present 
typical service data on their use for 
the cathodic protection of under- 
ground steel structures. 
Technical Considerations in the Use 
of Galvanic Anodes 
It is convenient to discuss four 
technical criteria of galvanic anodes: 
1) potential 
2) polarization 
3) ampere hours per pound of 
metal 
4) stability 
It is necessary that the potential 
of the anode be sufficiently anodic 


with respect to the potential of the 
pipeline that electrical current will 


flow through the ohmic resistances 
of the circuit, Other things being 
equal, the greater the potential dif- 


ference between anode and pipeline, 
the greater the amount of current 


obtained from a single anode, but 


the shorter the life of the anode. 

As important as the open-circuit 
potential of the anode is the amount 
of its anodic polarization, that is, the 
decrease in the effective potential of 
the anode with the flow of current. 
For convenience in this paper, the 
term “anode polarization” includes 
true polarization effects and IR 
drops at the anode interface and in 
the backfill. A factor which may be 
termed the “polarization coefficient” 
is calculated by dividing the differ- 
ence in open-circuit and closed- 
circuit anode potentials by the cur- 
rent. This is commonly referred to 
as “anode-to-soil resistance.” It is 
very important that anodic polariza- 
tion or anode-to-soil resistance be 
low and not increase appreciably 
with time.* Theoretically it is pos- 
sible to differentiate between true 
polarization effects and the IR drops 


through the ohmic resistances of the 
circuit®; however, such distinctions 
are not essential for a paper of this 
scope. 

The ampere hour output per 
pound of metal will be influenced by 
the compositions of the anode and 
the backfill and by the operating 
conditions encountered. The life oi a 
given anode is determined by its 
weight, the current delivered, and 
the ampere hours per pound which 
can be obtained. 

The stability of the anode opera- 
tion with time is of great impor- 
tance, since it is desirable that a ca- 
thodic protection installation oper- 
ate continuously and insure com- 
plete protection of the pipeline over 
a period of at least ten to fifteen 
years. 

Aluminum Alloys for Galvanic 

Anodes 


Aluminum and aluminum alloys 


had been associated with the broad 
field of cathodic protection for sev- 
eral years before their application to 
the protection of pipelines was .con- 
sidered. In fact, much of the funda- 


mental work on the theory of ca- 
thodic protection was worked out 
with aluminum alloys.’ As discussed 
elsewhere,”* cathodic protection is a 
contributing factor to the corrosion 
resistance for which Alclad products 
are so widely recognized. Metal- 
lurgically bonded to the core of 
Alclad materials is a thin layer of 
metal which is anodic to the core 
and cathodically protects any ex- 
posed portions of it. 

During the development of Alclad 
materials which would be suitable 


*Even if the true polarization is not linear, 
such a calculation affords a qualitative com- 
parison of anode performance. In the case of 
straight-line polarization, a quantitative evali- 
ation is obtained, 
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for the variety of conditions in which 
they are now used, the solution po- 
tential relationships of aluminum 
base alloys were investigated. It 
was discovered that in many solu- 
tions aluminum alloys containing 
small amounts of zine are anodic to 
aluminum of commercial purity. 
Subsequent work has shown that 
the electrochemical characteristics 
of certain aluminum base alloys con- 
taining zinc make them very suit- 
able for use as galvanic anodes. 

Laboratory Tests vs. Service Tests 


Although final evaluation of gal- 
vanie aluminum anodes must depend 
on extensive, long-time service, it is 
felt that laboratory tests play an im- 

tant role in their development. In 
designing laboratory tests, it is nec- 
essary to determine which features 
o! the application can be duplicated 
in the laboratory and which cannot. 
Current and potential measurements 


which are used for the periodic 
evaluation of galvanic anodes can be 
made readily in the laboratory, as 
can weight-loss measurements for 
the determination of ampere hours 
obtained per pound. 

In the conventional installation of 
galvanic anodes, chemicals are mixed 
with the soil around the anodes to 
improve their operating character- 
istics. The quality of anode perform- 
ance is not only dependent on the 
nature of the prepared chemical en- 
vironment known as the “backfill” 
but also on the composition of the 
anode. Both of these factors are 
easily controlled in laboratory tests 
and their effects investigated. Inter- 
ference either from other anodes or 
from stray currents can be avoided 
in the laboratory tests and certain 
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SCHEMATIC DRAWING OF LABORATORY ARRANGEMENT 
FOR INVESTIGATING GALVANIC ANODES 


variables can be isolated more 
readily than in service tests. 

Some factors not readily investi- 
gated in the laboratory are: climatic 
conditions, variable soil conditions, 
long time anode operation, etc. It is 
apparent that laboratory tests can- 
not take the place of service tests. 
They may serve as a very important 
supplement, however, determining 
which combinations of alloy compo- 
sition and backfill composition are 
most worthy of testing under actual 
service conditions. 


Laboratory Procedure 


In the laboratory, time-perform- 


ance tests have been utilized in 
which the anodes have been coupled 
to steel cathodes and permitted to 
operate freely. In Figure 1 is shown 
schematically the laboratory ar- 
rangement used for the study of 
galvanic anodes in wet backfills. 
Rods one-half inch in diameter are 
used as anodes and steel cans ap- 
proximately six inches in diameter 
and seven inches high serve as cath- 
odes. A fire-clay crucible is used as a 
porous diaphragm to prevent the 
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wet backfill from coming in contact 
with the cathode surface. In this 
way, the backfill composition can be 
varied without affecting the polar- 
ization characteristics of the steel 
cathode. No such diaphragm is nec- 
essary when using the packaged an- 
odes, discussed below. 

On the outside of the fire-clay cru- 
cible, sand saturated with a one nor- 
mal solution of sodium chloride is 
used. In order to promote uniformity 
of current distribution, the bottom of 
the can is coated with a vinylite type 
resin, thereby limiting the cathodic 
area to approximately 120 square 
inches. The exposed anodic area is 
limited to approximately four square 
inches. With this ratio of anodic to 
cathodic areas, current densities ap- 
proximating service conditions are 
obtained on the anode. 

During the tests several electrical 
measurements are made daily, in- 
cluding the short-circuit current, 
the closed-circuit potential, and the 
open-circuit potential of both anode 
and cathode. 

This type of experiment furnishes 
information as to how the open-cir- 
cuit potential and the anode-to-soil 
resistance change with time. From 
the initial and final weight measure- 
ments of the anode and from the 
time-current data it is possible to cal- 
culate the ampere hours per pound 
obtained from the anode during test. 


Development of Wet Backfills 


Tests with buried aluminum an- 
odes indicated that in order to re- 
duce the inherent tendency of alum- 
inum to form insulating, protective 
films it was necessary to use chemi- 
cally treated backfills around the 
anodes. The more common method 
of using such anode backfills is to 
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prepare a slurry of the soil and nec- 
essary chemicals, pour this slurry 
into an augered hole, and place the 
anode in it. In this paper such back- 
fills have been designated as “wet 
backfills” to differentiate them from 
“packaged backfills,” which are dis- 
cussed below. 


Addition of Alkaline Material to 
Wet Backfills Beneficial 


Early investigations indicated that 
the addition of an alkaline materia! 
such as lime and a salt.such as si 
dium chloride to wet backfills was 
beneficial. The addition of lime in 
creases the pH of the backfill. Thi 
has two desirable effects on the per 
formance of galvanic aluminum an 
odes; first, the potentials are usually 
more anodic in alkali and alkaline 
earth metal hydroxide solutions 
than in neutral solutions; and sec 
ond, the products formed around 
the anodes either have a relatively 
high solubility or are less adherent 
in such solutions. 

The addition of chloride ions was 
found to reduce the electrical resist- 
ance not only of the backfill but 
also of the films immediately adja- 
cent to the metal surface. Therefore, 
the anodic polarization tendencies of 
aluminum alloys are decreased by 
the use of chloride ions, resulting in 
lower anode-to-soil resistances. 

Data from typical laboratory tests 
employing anodes of an aluminum 
alloy containing five percent zinc are 
plotted in Figure 2. Hereafter in this 
paper this alloy will be referred to 
as “aluminum-5 zinc” alloy. The 
open-circuit potential, the current, 
and the anode-to-soil resistance are 
shown with respect to time. 

The difference between open- 
circuit and closed-circuit anode po- 
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tentials divided by the current den- 


sity, (_™_), is the anode-to-soil 
ma/sq. in. 


resistance per unit area. The curves 
marked “A” represent the results ob- 
tained in a lime-salt backfill. The 
open-circuit potential remained rela- 
tively steady, however, the anode-to- 
soil resistance increased with time 
resulting in a marked decrease in 


current. In laboratory tests, alum-~° 


inum-5 zinc anodes in lime-salt 
backfills gave from 430 to 550 with 
an overall laboratory average of 480 
ampere hours per pound. 


Improvement Obtained by Addition 
Of Mercury Salts to Backfill 


A further improvement was ob- 
tained by the addition of mercury 
salts, such as calomel, to the back- 
fill. Tests indicated that the calomel 
could take the place of the lime and 
would give less anodic polarization 
but could also be used with other 
backfills or materials surrounding 
the anodes. 

In Figure 2, the time performance 
curves marked “B” identify data ob- 
tained from an aluminum-5 zinc an- 
ode in salt-calomel backfill. These 
data show an increased current 
which is attributed to lower anode- 
to-soil resistance and to a higher 
anode potential. 

The tendency for the anode-to-soil 
resistance to decrease with time in 
the salt-calomel backfill is of definite 
significance. In laboratory tests, 
aluminum-5 zinc anodes in salt- 
calomel backfills gave from 375 to 
650 with an overall laboratory aver- 
age of 515 ampere hours per pound. 

Laboratory tests also showed that 
by the addition of calomel to the 
lime-salt backfill further advantages 
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were achieved. The curves marked 
“C” in Figure 2 typify laboratory re- 
sults on aluminum-5 zinc anodes in 
the lime-salt-calomel wet backfills. 
It is apparent that the potentials are 
as anodic in this backfill as in the 
lime-salt backfill, though not as an- 
odic as in the salt-calomel backfill. 
The anode-to-soil resistance re- 
mained low, again resulting in higher 
current than from lime-salt backfills. 
The marked advantage of the lime- 
salt-calomel backfill was the fact 
that from 540 to 960 with an overall 
average of 710 ampere hours per 
pound were obtained. 

Final evaluation of galvanic an- 
odes must depend on extensive serv- 
ice tests. Such tests are of longer 
duration, therefore, the evaluation 
of anodes under actual operating 
conditions must necessarily lag be- 
hind laboratory developments. It is 
desirable at this point to consider 
service tests on aluminum anodes 
in wet backfills and compare the re- 
sults with those obtained in the lab- 
oratory. 


Service Tests With Wet Backfills 


Plotted in Figure 3 are data ob- 
tained from aluminum anodes in 
lime-salt wet backfills under actual 
operating conditions. The anodes for 
which data are plotted were installed 
in identical backfills composed of 
soil containing lime and salt and 
were coupled to the same steel pipe 
for 446 days. In addition to checking 
laboratory tests, these data also 
serve to compare the performance 
of aluminum anodes of three differ- 
ent compositions, aluminum contain- 
ing one, five, and ten percent zinc. 
It is apparent from Figure 3 that 
the open-circuit potential of the an- 
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odes were higher in the order of in- 
creasing zinc content; however, the 
anode-to-soil resistances of the an- 
odes containing five and ten percent 
zinc were lower than of the one per- 
cent zinc alloy. In view of the gen- 
erally superior performance, the 
aluminum-5 zinc alloy was selected 
as the tentative alloy for galvanic 
anodes. In service tests, aluminum- 
5 zine anodes in lime-salt wet back- 
fills gave from 390 to 600 with an 
overall average of 510 ampere hours 
per pound. This is in reasonable 
agreement with laboratory results. 
Aluminum-1 zine anodes in lime- 


salt wet backfills were more varied, 
ranging from 445 to 1000 with an 
overall average of 735 ampere hours 
per pound. The aluminum-10 zinc 
anode, tested under the same condi- 
tions of service, operated at 405 
ampere hours per pound. 

To obtain long-time service data, 
two aluminum-5 zinc anodes were 
installed in salt-calomel wet back- 
fills, one coupled to a pipe having a 
pipe-to-soil potential of about 1.0 
volt and the other to a pipe having 
a potential between 0.7 and 0.8 volt. 
In Figure 4, the measurements made 
on these two anodes over a period of 
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250 days are plotted. 
Figure 4 reveals sev- 
eral pertinent re- 
sults: first, the open- 
circuit potential re- 
mained fairly steady, 
at about 1.1 volts; 
second, the anode-to- 
soil resistance re- 
mained low for both 
anodes; and_ third, 
the anode-to-soil re- 
sistance was very 
nearly equal for both 
anodes, even though 
one anode was de- 
livering much more 
current than the 
other by virtue of 
the fact that it was 
coupled to a more 
cathodic pipe. This 
agreement in anode-to-soil resistance 
is excellent evidence for straight-line 
polarization. The anodes in salt- 
calomel backfills operated at 430 and 
485 ampere hours per pound, which 
is in reasonable agreement with lab- 
oratory results. 


Solution Potential 
Cu SO, scale) 
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TABLE 1 


Performance of Aluminum + 5 Percent Zinc 

Anodes* in Lime-Salt-Calomei Wet Backfills 

Alluvial Soil, New Orleans—Resistivity ca. 
1000 ohms/cc. 








ANODE No. 1 


ast | 
Volts 


P/St 
TIME Volts 
Initial 0.74 1.19 
60 Days : 0.730 1.10 








ANODE No. 3 


4 
Volts 


A/St I 


TIME Volts ma 


Initial....... Ae srigtate 0.70 1.21 120 


60 Days 





0.725 1.11 130 





*Cast anodes 4-7/16” diameter x 21” long 
weighing about 30 pounds. 

t Pipe-to-Soil potential. 

¢t Anode-to-Soil potential. 


A © Coupled to pipe having potentiai of-1.0 v. 
B © Coupled to pipe having potential of -O.7v 
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No service tests have been com- 
pleted using the lime-salt-calomel 
backfill. Tests now in progress with 
aluminum-5 zinc anodes in this 
backfill show that appreciably higher 
currents are being obtained than 
from anodes in lime-salt backfills, 
which is in agreement with labora- 
tory findings. This is evidenced by 
the data in Table 1 giving the results 
of anodes now in test in alluvial 
soil in the New Orleans area. It is 
expected that at least 675 ampere 
hours per pound will be obtained on 
the basis of laboratory tests. 


Development of Packaged Backfills 


Considerable attention has been 
given to the development of a pack- 
aged galvanic aluminum anode. 
(Figure 5.) Packaged anodes consist 
of the usual metal anodes encased 
in mortar-like or concrete-like mate- 
rials which contain the necessary 
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chemicals to assure the desired an- 
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Figure 5—Bare and packaged galvanic aluminum anodes. 


ode performance. 


The use of packaged anodes offers 


several definite advantages: 


L) 
2X) 


Assures uniform backfill 
Assures backfill of proper 
composition 

Reduces technical supervision 
required at installation site 
Avoids wastage of materials 


5) Permits anode installations in 
swamps or marshy ground 
6) Reduces installation time 
7) Permits the use of production 
equipment 
Assuming the performance of 
packaged anodes is equivalent to 
that of anodes in wet backfills, it ‘is 


obvious that substantial savings, es- 
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pecially with regard to installation 
cost, can be had by their use. 

Early laboratory tests indicated 
that aluminum-5 zinc anodes pack- 
aged in magnesium oxychloride 
(Sorel) cement gave about the same 
performance as anodes in lime-salt 
wet backfills. In both cases an aver- 
age of about 480 ampere hours per 
pound was obtained. 

The addition of mercury salts to 
packaged backfills has given mark- 
edly improved results. Aluminum-5 
zinc anodes packaged in magnesium 
oxychloride cement containing calo- 
mel gave from 630 to 810 with an 
overall average of 720 ampere hours 


per pound. This is of the same order 
of magnitude as was obtained in the 
best wet backfills. 

As in the development of wet 
backfills, the results of completed 
preliminary service tests with pack- 
aged anodes are felt to be of definite 
significance. When the first pack- 
aged galvanic aluminum anodes 
were placed in service, no compara- 
tive data were available on the effect 
of zinc composition, and aluminum- 
1 zinc bars were used. Two packaged 
anodes were prepared with magne- 
sium oxychloride cement and two 
with lime, magnesium chloride, and 
sand. Shown in Figure 6 are data 
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illustrating the superiority of an 
aluminum-1 zine anode packaged in 
magnesium oxychloride cement over 
an aluminum-1 zinc anode in a 
lime-salt wet backfill. The following 
advantages are apparent: 

1) Higher open-circuit potential 

2) Lower anode-to-soil resistance 

3) Improved stability 

The two aluminum-1 zine anodes 
packaged in magnesium oxychloride 
cément gave 825 and 1050 ampere 
hours per pound as compared to an 
average of 735 for aluminum-1 zinc 
anodes in lime-salt wet backfills 
under similar conditions of service. 

The results obtained from alumi- 
num-1 zine anodes packaged with 
lime, magnesium chloride, and sand 
were definitely superior to the re- 
sults obtained with wet backfills, al- 
though not quite as good as those 
obtained from anodes packaged in 
magnesium oxychloride cement. 
They operated at 595 and 650 ampere 
hours per pound. 

One aluminum-5 zine anode pack- 
aged in magnesium oxychloride ce- 


TABLE 2 


Performance of Aluminum +- 5 Percent Zinc 
Anodes* in Magnesium Oxychloride Cement 
Packages Containing Calomel 
Alluvial Soil, New Orleans — Resistivity ca. 

1000 ohms/cc. 


ANODE No. 2 
‘| A/St 
Volts 


P/St 


TIME Volts 


Initial 0.60 1.04 
6) Days 0.705 | 1.08 


ANODE No. 4 


~ A/St 
Volts 


P/St 
TIME Volts 
Initial 

60 Days 








ee SSeS eee ees 


*Cast anodes 4-7/16” diameter x 21” long, 
weight about 30 pounds, encased in package 8” 
diameter x about 28” long. 

+t Pipe-to-Soil potential. 

t Anode-to-Soil potential. 


ALUMINUM ANODES FOR CATHODIC PROTECTION 


Pounds of Mg or Zn Equivalent to One Pound of Aluminum 


ny 
200 400 600 e00 1000 1200 1400 
Ampere Hours Per Pound of Aluminum 


FIGURE 7 


WEIGHTS OF AL,MG, OR ZN FOR EQUIVALENT 
AMOUNT OF ELECTRICITY 


ment containing calomel was _ re- 
moved from test after 287 days. 
Weight-loss measurements showed 
that it had operated at 635 ampere 
hours per pound, a marked improve- 
ment over aluminum-5 zinc anodes 
in either lime-salt or salt-calomel 
wet backfills. Extensive service tests 
are now in progress more completely 
evaluating the performances of 
aluminum-5 zinc anodes packaged 
in magnesium oxychloride cement 
containing calomel. Table 2 gives 
data from anodes now in test in an 
alluvial soil having a resistance of 
about 1000 ohms/cc. 


TABLE Ill 
Relative Metal Cost Per Ampere Year 


oo 





Pounds of Metal 
per Ampere 
Year 


Ampere Hours 

per Pound 
METAL Estimated 
Aluminum 675 13.0 
Magnesium 690 14.7 
Zine 335 26.2 





* Based on currently quoted anode prices in carload lots. 
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Present Economic Status of 
Galvanic Aluminum Anodes 


From the foregoing laboratory and 
service data it can be seen that the 
technical development of galvanic 
aluminum anodes in wet and pack- 
aged backfills has been successfully 
directed towards: 

1) Increasing anode-to-soil po- 

tential 

2) Decreasing anode-to-soil re- 

sistance 

3) Increasing ampere hours per 

pound 

At the present stage of develop- 
ment it is believed that aluminum 
anodes will give at least 675 ampere 
hours per pound in properly pre- 
pared packaged or wet backfills. 

Figure 7 is a graph showing the 
pounds of aluminum, magnesium or 
zinc required to provide equivalent 
amounts of electricity. Aluminum at 
various ampere hours per pound is 
compared with magnesium and zinc 
at their presently accepted optimum 
values. At 675 ampere hours per 
pound, one pound of aluminum does 
the work of 1.12 pounds of magne- 
sium or two pounds of zinc. 

Table III compares the relative 
metal cost per ampere year for three 
metals based on currently quoted 
anode prices. On this basis, it is ap- 
parent that light metals can supply 
current more economically than zinc. 
Obviously, in addition to metal cost, 
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the installation costs must be in- 
cluded in determining the total cost 
per ampere year. By using packaged 
anodes, substantially reduced instal- 
lation costs are anticipated. 


Development work now in hand 
gives promise of more ampere hours 
per pound and of improved pack- 
aging techniques, hence it is not 
unreasonable to expect further im- 
provement in cathodic protection by 
using galvanic aluminum anodes 


Many of the developments de- 
scribed in this paper are the subject 
of patent applications owned by the 
Aluminum Company of America. 
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Corrosion and Preventive Methods 
In the Katy Field* 


By R. C. Buchan 


Humble Oil & Refining Company, Houston, Texas 


ORROSION of equipment used 
C in producing condensate reser- 
voirs is becoming an old problem in 
the industry. Most of the present 
knowledge pertaining to the subject 
has been well summarized in the 
form of tentative conclusions in a re- 
cent API paper.’ Intensive efforts 
are being continued on this problem 
by committees under the sponsor- 
ship of the American Petroleum In- 
stitute (API), Natural Gasoline As- 
sociation of America (NGAA), and 
the National Association of Corro- 
sion Engineers (NACE). Additional 
work is being done by the U. S. 
Bureau of Mines, and by the re- 
search and operating departments 
of the producing companies. 

It is the purpose of this paper to 
present the specific problem en- 
countered in one of the larger con- 
densate fields, and to discuss the 
problem essentially from an operat- 
ing viewpoint. 

Long periods of research are in 
prospect. Because of the numerous 
unevaluated and possibly some un- 
recognized variables connected with 
the problem, and because of the ap- 


_w%& A paper presented to Division of Produc- 
tion, at the API meeting, in Chicago, Ill., Nov. 
13, 1946, 


parent inconsistency of the observed 
phenomena, a major effort should 
be directed toward full-scale field 
experiments. This is being done in 
the Katy Field; and, although all 
corrosion is not under control, a rea- 
sonably early solution of the prob- 
lem in that field appears likely. 

The Katy gas-condensate field, lo- 
cated in Waller, Harris, and Fort 
Bend counties about 30 miles west 
of Houston, Texas, is an oblong 
domal structure covering an area of 
approximately 30,000 acres. The av- 
erage well depth is 7600 feet. The 
formation between 6250 feet and 
7450 feet below sea level is divided 
into six separate sand reservoirs— 
each of which consists of one or 
more lenticular members. The por- 
osity of the sands varies from 18 to 
35 percent. Each reservoir has a def- 
inite water table, and producing 
wells are completed well above the 
gas-water contact. 

The field was discovered in 1935, 
and developed rather slowly. A cyc- 
ling plant was put into operation in 
January 1943, and an absorption 
plant was added later that year. The 
entire field was utilized, and the 
plant enlarged in 1944. The present 
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major facilities in the field consist of : 
33 producing wells; 36 miles of gath- 
ering lines; an absorption-compres- 
sor plant ; 34 miles of injection lines ; 
and 13 injection wells. Almost all of 
the equipment and materials selected 
are those suitable for working pres- 
sures encountered in a non-corro- 
sive, non-abrasive service. 


Figure 1—Well-head assembly on a producing well. 


The producing wells were initially 
completed with either %-inch or 
54-inch OD oil-string casing and 


with 2%-inch or 2-inch tubing, 
set without packers so that wells 
could be produced from both the 
casing and tubing. Surface casing, 
1034-inch or 954-inch OD, was set 
at a depth of at least 3500 feet in 
all wells. Producing wells were 
equipped with 6000-psi test well- 
head assemblies, which included ad- 
justable chokes with 1-inch ID 
beans on the tubing and casing out- 
lets. Injection wells are equipped 
with tubing and with 10,000-psi test 
well-head assemblies. Figures 1 and 
2 illustrate typical well-head assem- 
blies. 

The gathering system is of welded 
construction, and consists of nine 
main lines into which the individual 
well lines are connected, usually at 
right angles. The pipe size varies 
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from 4 inches to 10 inches, but most 
of it is 8 inches. Lines were tested 
to at least 3100 psi with water, after 
installation. The pipe sizes in the 
injection system vary from + inches 
to 12 inches, and were tested to 
4100 psi. No lines were doped or 
wrapped. Cathodic protection is not 
used except in the plant area, to pro- 
tect lines in the plant. 

The absorption-compressor plant 
was designed for an absorber pres- 
sure of 1800 psi. The actual pressure 
used varies between 1800 psi and 
1850 psi, and the lean gas is com- 
pressed to 3150 psi for injection. 

Six-inch lines and meters are used 
at injection wells, and these are con- 
nected to 3-inch or 4-inch well-head 
fittings. 


Operation of the Field 

Until January 1943, wells re- 
mained shut in, or were produced at 
low rates—mainly for fuel for drill- 
ing operations. From January 1/43 
to April 1946, wells were produced 
at fairly high rates through the cas- 
ing and tubing. During this period, 
the flowing well-head pressures 


Figure 2—Well-head assembly on an injection well. 


were between 2400 psi and 2630 psi; 
producing rates were 2 to 36 million 
cubic feet per well per day (most 
were between 20 and 25 million 
cubic feet); and the well-head tem- 
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peratures were between 144 and 
120° F. (most were between 170 and 
175° F.). 

During April 1946, all production 
through the casing was discontinued 
and work was accelerated to replace 
some of the corroded 2-inch and 2%- 
inch tubing with larger diameter 
tubing, in order to obtain the de- 
sired flow capacities without having 
to reduce the absorber pressure at 
the plant. Most of the new tubing 
installed was 4%-inch OD (4-inch 
ID) or 4-inch OD (3%-inch ID), 
externally upset with an insert 
joint to form an internally flush 
bore. The present flowing well- 
hea! pressures are between 2100 psi 
and 2250 psi; producing rates are 7 
to '2 million cubic feet per well per 
day (most are between 10 and 15 
million cubic feet; and the well-head 
temperatures are between 148 and 
170° F. (most are between 150 and 
160° F.). 

The inlet pressure at the plant 
varies between 2000 psi and 2100 psi. 
The temperature of the gas entering 
the plant varies between 130 and 
140° F, 

The gas is injected at a well-head 
pressure of about 3025 psi, and at 
rates of 7 to 61 million cubic feet 
per well per day (most wells take 
20 to 30 million cubic feet per day). 
The well-head temperatures at in- 
jection wells vary from 100 to 155° 
F. and average 145° F. The average 
temperature of gas leaving the plant 
is 160° F. 


Equipment Affected by Corrosion 
Corrosion affects to some extent 
all casing and tubing strings sub- 
jected to well fluids. The ferrous 
surface equipment, including well- 
head assemblies, meter runs, and the 
gathering system, are corroding in- 
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ternally. Corrosion in the plant has 
been negligible; and, although con- 
ditions warrant periodic inspections, 
corrosion is a minor problem there 
at present, and it is believed that it 
will not become serious. The casing 
is believed to be corroding extern- 
ally as a result of battery currents 
between the casing and flow lines. 


Corrosion Destroys 75 Percent of 
Tubing in 314-Year Period 

Corrosion of subsurface equip- 
ment is the most expensive part of 
the overall problem. Analyses of 
waters produced in 1943 indicated 
that corrosion was occurring in the 
wells, but the seriousness was not 
fully realized. During the past 12 
months, 12 strings of tubing were 
pulled after an average service of 
31% years, and only about 25 percent 
was in suitable condition to re-install. 
Grade H-40 and J-55 externally up- 
set, non-normalized API tubing was 
installed initially. Except for the re- 
moval of mill scale, the lower part 
of the strings has not been attacked 
by corrosion. 

The internal corrosion in the re- 
mainder of the strings does not fol- 
low any given pattern, except that 
usually the first two feet of the 
lower end of each joint corrode more 
rapidly and more severely than does 
the upper end or the middle of the 
joint. Figure 3 shows the result of 
an internal caliper survey, which re- 
flects the condition of tubing after 
three years of average Katy service. 

Complete inspections of the tubing 
removed from five wells show that 
no pitting has occurred in the main 
body of the pipe to within two feet 
from the ends in three of the five 
strings, even though pits have pene- 
trated more than 50 percent of the 
wall in the upset and upset round- 
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Figure 3—Chart from an internal caliper survey at Katy Field in tubing used three 
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Figure 4—Corroded tubing coupling. 


out areas. External corrosion of tub- 
ing in wells producing from both 
casing and tubing has been minor, 
except that couplings, as shown in 
Figure 4, are usually pitted—some 
badly—and the exposed threads are 
attacked where water can stand. 
Mill scale appears to be completely 
removed in less than one year. 


Little Is Known Concerning Actual 
Condition of Tubing 


Little is known concerning the ac- 
tual condition of casing in Katy 
wells. One string of 5% inch OD 
full-length liner was pulled after 
having been in service 3.7 years. The 
lower half of this pipe was not vis- 
ibly affected. Internal corrosion was 
found in the upper half, and the pit- 
ted condition resembled that occur- 
ing on the inside of tubing. Most of 
the pitting was concentrated in an 
area within 24 inches of the down 
end of the joint. The top 1200 feet of 
this string was severely corroded. A 
number of holes were present in the 
end of the joints in the threaded sec- 
tion, and approximately one-half 
inch of the ends of several joints had 
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corroded away as il- 
lustrated in Figure 
5. No external corro- 
sion was found on 
this pipe, because it 
had been set inside 
of a 93-inch OD 
string that extends 
7000 feet. 
(The external corro- 
sion apparent in Fig- 
ure 5 was due to at- 


to about 


mospheric corrosion 

subsequent to re- 

moval from the 
well.) 

Internal casing corrosion, in the 
form of pitting, has been found in 
other wells when well-head equip- 
ment changes were made. Figure 6 
shows the condition of a piece of 
casing removed from just below the 
well head. Suitable tools for determ- 
ining the extent of internal casing 
corrosion have not been available. 
Several recently developed tools will 
probably be tried at Katy as soon as 
available. 


Almost Every Original Wing 
Valve Replaced 


Corrosion and subsequent leakage 
made it necessary to replace almost 
every wing valve installed initially 
in well heads on producing wells— 
some after less than two years. The 
throats and flange facings are most 
seriously attacked. The design of 
these valves needs no improvement, 
but corrosion-resistant materials are 
needed. Valves lined with several 
types of stainless steels or with Stel- 
lite have given perfect service with 
no apparent corrosion after more 
than two years’ use. Some of the 
other alloys used for lining appear 
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Figure 5—Corroded 54-inch liner. 


to be no more resistant than the or- 
dinarily used steels. The shortage 
of valves known to be satisfactory 
in this service has dictated the use of 
10,000-psi test valves, to obtain the 
added corrosion tolerance. 

Parts of choke assemblies used on 
producing wells are frequently re- 
placed. Corrosion and erosion of the 
stems and beans prevent a tight 
closure, usually after about 30 days. 
Stems and beans are replaced every 
five or six months, because after that 
time their condition is such that they 
cease to serve their intended pur- 
pose. Hard surfaces, such as are ob- 
tained by lining with Stellite and 
hard electroplated chromium, have 
been proved to resist this erosion. 
Because only parts of the surface 
need protection against erosion, and 
because such linings are difficult to 
apply to the entire assembly, the 
base metal needs to be a corrosion- 
resistant. 

Other parts of well-head assem- 
blies are corroding. Figure 7 illus- 
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trates the nature of corrosion on 
ring-joint flanges. Because of general 
present lack of any proved material 
that is not too expensive, the pres- 
ent program includes the use of 
10,000-psi test equipment, which pro- 
vides additional corrosion tolerance. 
I’lastic coatings are being tested in 
a number of wells; and, although a 
few of these coatings look promis- 
ing, the cost of properly coated fit- 
t'ngs is about the same as the cost 
o: satisfactory alloys. 


Corrosion of Ring Gaskets 
Serious Problem 


Jne of the more serious problems 
at Katy, from a safety viewpoint, is 
corrosion of ring gaskets. Figure 8 
shows a ring that had remained in 
service about two years. Synthetic- 
rubber “protection” rings are used to 
keep well fluids from having easy 
access to the ring gaskets. The rub- 
ber rings deteriorate and often dis- 
appear in three to four months, and 
the exposed ring gaskets corrode to 
an alarming degree in a year or less 
time. So far, replacements are made 
as minor leakage indicates failure. 
Periodic inspections are made, and 


Figure 6—Internal corrosion of casing. 
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Figure 7—Corroded rinj-jo nt flance. 
rigs revealing attack are replaced. 
A search for a better “protection” 
ring is in effect. Some available plas- 
tic materials appear suitable. 

Katy is one of the six or seven 
fields in which a number of alloys 
are being tested by the NACE Con- 
densate Well-Corrosion Committee. 
These tests should result in giving 
the industry a better-selection of 
materials for combating corrosion 
in well-head assemblies. 


Erosion Aggravates Corrosion at 
Tie-ins of Well Lines 


The corrosion experienced in the 
gathering system has been confined 
to the inside bottom of lines, as 
shown in Figure 9, except that, at 
tie-ins of individual well lines, 
sion has aggravated corrosion, as 
shown in Figure 10. Some parts of 
individual well lines have been re- 
placed, and others probably will be 
replaced within the next year. Heav- 
ier pipe is being used for replace- 
ments. 


ero- 
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Test holes are 
used an indica- 
tion of loss of wall 
thickness. These 
holes have been 
drilled at all points 
where visual inspec- 
tions have shown 
that a tendency to- 
ward corrosion ex- 
ists. The holes are 
1/16-inch in diam- 
eter, and drilled deep 
enough that a calcu- 
lnted safety factor of 
1.15, based on mini- 
mum yield, still ex- 


as 


ists when corrosion 
allows the gas to break 
through the test hole. 
Radium inspection of critical loca- 
tions in lines used to a 
limited extent. This has proved to 
be a_ satisfactory, non-destructive 
spot-inspection method, provided 
two measurements 90 degrees apart 
are made at each location so as to de- 
tect non-concentric pipe, and pro- 
vided the individual method is accu- 
rate if an unknown amount of liquid 
is present. No external corresion is 
experienced. 


is also 


Chemicals Minimize Corrosion 
In Gathering System 

Corrosion in the gathering sysem 
is minimized by the chemicals used 
to protect subsurface equipment. 
The reduction in pressure and tem- 
perature over that existing a ycar 
ago may alter the rate of ‘corrosion. 
The safety factor for bursting 
strength has been increased by the 
reduction of pressure. 

No has yet been 
found in the injection lines or in- 
jection-well cquipment. This is as 


corrosion as 
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would be expected, because the gas 
contains 50 percent or less water 
than the amount necessary for satu- 
ration entering the average injec- 
tion wells. One injection well has a 
well-head temperature of about 100° 
F., and no corrosion is being experi- 
enced — indicating an unsaturated 
condition at this lower temperature. 


The Cause of Corrosion 


The internal corrosion of ferrous 
equipment at Katy is due to the 
acidic properties of the condensed 
water under the existing pressure 
and temperature conditions, as was 
pointed out by several investiga- 
tors.”:*}* Carbon dioxide and organic 
acids are present. No doubt other 
substances are present, some of 
which probably increase, whereas 
some decrease, the corrosion rate; 
but the effect of no single substance 
has been isolated. The produced gas 
contains 0.6 to 0.7 percent carbon 
dioxide. The condensed water at the 
plant inlet contains 390 to 400 ppm 
of organic acids (as propionic acid), 
and about 150 ppm of iron. The pH 
of the water in the tubing has not 
been measured because of physical 
difficulties, but it is believed to be 
about four. 


Search for Answer to 
Variables Involved 

Thorough studies of data from 
individual wells have not resulted in 
determining the effect of the several 
variables involved. The iron content 
of waters taken at individual wells 
varies considerably, from 70 to more 
than 400 ppm. And, in general, the 
iron content appears to be lower in 
more wells at high rates of flow 
than at low rates. All evidence to 
date indicates that no iron, or not 
more than a trace of iron, is produced 
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from the formation. Only one well 
in the field is producing more than 
a trace of salt water, and it has been 
under specific observation only a 
short while. The organic-acid con- 
tent is fairly constant. No rate of 
production in any well has elimi- 
nated internal corrosion of tubing. 


Effects of Erosion 

Erosion is minor in the Katy Field 
in comparison with corrosién. The 
term erosion, as used in this paper, 
includes impingement and any cavi- 
tational effects. In choke assemblies, 
erosion and corrosion are equally 
important, and frequent  replace- 
ments are required. Plastic coatings 
are gradually removed by erosion in 
choke assemblies in one to two 
months in the average well. Erosion 
is a problem in only a few spots in 
the gathering system. The fact that 
erosion is a minor problem was 
proved by a study using metal cou 
pons, including one made of 14k 
gold, and by visual and radium in 
spections. Erosion does occur in pip- 
ing at points of abrupt change of 
direction in the gathering system, 
particularly where lateral lines con- 
nect into main lines at right angles. 
The localization of corrosion on the 
inside of API tubing, to near the 


Figure 8—Corroded ring gasket. 
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Figure 9—Corroded pipe in gathering system. 


down end of the joints could in a 
sense be connected with erosion; but 
is thought t6 be due to a reflux ac- 
tion or an unsteady liquid-film flow, 
brought about by turbulence at the 
couplings. 


Stray Electric Currents 


\ rather thorough survey was 
made of the flow of electric currents 
in the field. The magnitude and di- 
rection of flow in the gathering sys- 
tem was determined, and surveys 
were made inside of the oil-string 
casing in a number of wells. 

It was found that an average of 
1.9 amperes (varied between 0.58 
and 3.65 amperes) was flowing into 
all producing wells, and that an av- 
erage of 2.9 amperes (varied from 
0.89 to 4.96 amperes) was flowing 
into injection wells. The difference 
in electric potential was measured 
between the top of the casing and 
various points in several wells. This 
potential varied from 0.0 at the sur- 
face to about 30 millivolts at 7000 
feet with the flow line connected, 
and 0.0 to 10 millivolts when discon- 
nected. The current leaves the cas- 
ing from top to bottom, but a change 
of slope occurring in the average 
survey curve indicates that more 
than the average amount of current 
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leaves at a depth of from 3000 to 
3500 feet. 

These currents are believed to 
have no effect on internal corrosion ; 
however, insulating flanges are to be 
installed to minimize external casing 
corrosion, 


Use of Chemicals to Control 
Corrosion 


Often corrosion can be effectively 
controlled by chemical means,°® and 
this is believed to be true in the case 
of internal corrosion at Katy. How- 
ever, at the time that it was decided 
to try chemical control, conditions 
in the field made such a procedure 
undesirable, if not impractical, in 
many wells—mainly because tubing 
packers had not been installed. It 
was believed that the producing ca- 
pacity of the formation would be re- 
duced by some of the chemicals that 
might be tried, or by their reaction 
products. 

To make chemical control feasible, 
it is necessary that: (1) a com- 
pound having suitable chemical and 
physical properties be available; (2) 
the mechanical arrangement of the 
equipment be such that chemical can 
be injected where needed with a 
minimum amount of trouble and, 
(3) suitable injecting devices be 
available. 

A research program has been in 
effect, and is being continued, in a 
rather intense manner to evaluate 
chemicals for this purpose. Such 
work includes the correlation of lab- 
oratory-test results with results ob- 
tained in field trials. This program 
has not advanced to a satisfactory 
solution of the present problem, but 
it has indicated several approaches 
toward solution. 

Laboratory tests 


indicated that 
two chemicals of the inhibitor type, 
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viz. (1) bone oil; and, (2) carbon 
disulfide, warranted extensive field 
trials in wells not equipped with tub- 
ing packers. Field trials showed that 
the bone oil is 50 to 75 percent effec- 
tive as an inhibitor, but its use had 
to be condemned because of the odor 
imparted to the liquid products at 
the plant. The carbon disulfide was 
found to be only 15 to 25 percent ef- 
fective, but it does not seriously af- 
fect the product. The low order of 
effectiveness, and the possibility that 
the iron-sulfide scale which forms 
may prove objectionable in time, 
condemn the use of carbon disulfide. 
Other inhibitors are to be tested in 
wells without packers, but it still 
appears difficult to find a compound 
that is economical and has no unde- 
sirable characteristics. 


Soda Ash May Prove Economic 
Solution to Problem 


Laboratory tests and use in other 
fields indicated that small amounts 
of neutralizing agents, such as so- 
dium carbonate, sodium hydroxide, 
and ammonium hydroxide, would ef- 


Figure 10—Aggravated corrosion at tie-ins in gathering 
system. 


Figure 11—Gas-driven chemical pump, 
fectively reduce corrosion at Katy if 
properly injected. Soda ash was 
chosen, because it was easiest and 
safest to handle, for trial in several 
wells in which tubing packers were 
set, and tubing was perforated above 
the packer to allow egress of the 
chemical from the annulus to the 
tubing. After using solutions of soda 
ash for 90 days in several wells, it is 
thought that its use may prove to be 
an economic solution to the corro- 
sion problem at Katy. 


Eight Wells Presently 
Being Treated 

Corrosion is being controlled with 
soda ash in eight wells at present 
(two wells have no packers). One 
pound of soda ash is dissolved per 
gallon of water, and is injected con- 
tinuously into the casing at a rate of 
one gallon of solution per 1 to 3 mil- 
lion cubic feet of gas per day. The 
pH of the treated water produced is 
in the range of 7.0 to 7.8, and it is 
believed that the pH of the water in 
the tubing is 6.0 to 6.5. The iron con- 
tent of the water varies from 10 ppm 
to a trace, indicating 90 percent or 
more effectiveness. No operating dif- 


ficulties have developed as yet from 
the use of soda ash. 
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Chemicals useful in one field may 
not be useful in another. The con- 
verse is also true. Chemicals that are 
applicable in wells producing little 
or no salt water may have to be dis- 
continued when salt-water produc- 
tion increases. 

Any chemical injection in this 
work should be continuous rather 
than intermittent, and this has been 
proved at Katy. Gas-driven chemi- 
cal injectors of the type commonly 
used in the oil fields often function 
erratically when injection pressures 
are above 2000 psi. Figure 11 illus- 
trates one type of newly designed 
pump which operates well, but fur- 
ther improvement in these devices 
appears desirable. 


Use of Plastic Coatings 
to Prevent Corrosion 


Four strings of tubing lined with 
a baked-on plastic coating were in- 
stalled at Katy during August and 
September of 1946 as replacements 
for corroded tubing. Tubing was 
packed off near the bottom, and mud 
was left in the annulus. The plastic 
used is that referred to as the “Type 
2” in the following discussion. At the 
time of writing this paper, these wells 
had not cleaned themselves com- 
pletely of drilling mud and water, 
and the water analyses were consid- 
ered as not being indicative of lack 
or presence of corrosion. 

The Type 2 coating was tried in 
well-head and other fittings in the 
Katy Field. Inspection after five 
months revealed a new condition, 
except in choke assemblies, where 
it was gradually removed by erosion 
in two to four months. 

Previous work in other fields led 
to the trial of coatings at Katy, and 
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it is briefly summarized herein be- 
cause of probable interest. 


Experiments endeavoring to per- 
fect plastic coatings for oil-well tub- 
ing service has been carried on in- 
tensively for at least five years, but 
until about 18 months ago no reason- 
ably acceptable product was mar- 
keted. All but a few of the available 
products were readily condemned by 
laboratory experiments. Most of the 
earlier field tests of promising coat- 
ings were made in corrosive pump- 
ing wells, but in 1945 tubing coated 
with baked-on, thermo-reacting, and 
thermo-setting plastics was installed 
in a number of flowing oil wells. 

Seven strings of coated tubing 
using two different coatings were in- 
stalled in 11,000-foot oil wells in a 
Louisiana field, where tubing failed 
in three to four years due to corro- 
sion. The temperatures, pressures, 
and corrosive conditions encountered 
in these wells are similar to the con- 
ditions in condensate wells in the 
Gulf Coast region. Figure 12 shows 
the condition of coated and of bare 
tubing in these wells, as reflected by 
internal caliper surveys. The charts 
taken in these wells are not entirely 
comparable because of the difference 
in the length of time that the tubing 
Was in service, but corrosion of bare 
tubing in this field begins immedi- 
ately after production starts, and the 
Type 1 plastic was known to have 
begun to fail—by flaking off—after 
it had been in service only three 
months. The pitting revealed in the 
tubing coated with the Type 1 plas- 
tic is believed to have started eight 
to ten months after installation. The 
survey of the tubing coated with the 
Type 2 coating reveals no corrosion. 
Type 2 coating has a phenolform- 
aldehyde base, is baked on at ap- 
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Figure 12—Charts from internal caliper surveys in three o'| wells indicating the condition of bare and plastic-coated 
pipe, Top: bare pipe; center: Type 1 plastic has failed; bottom: Type 2 plastic remains intact. 


proximately 350° F, and is applied 
in several layers, to a total thickness 
of 0.005 to 0.006 inch. 

Experience in the Katy and other 
fields’ indicates that operators 
should expect corrosion in conden- 
sate wells having pressures above 
about 1500 psi, and reservoir tem- 
peratures above 160° F., if the gas 
contains carbon dioxide in excess of 


0.2 percent by volume.® Previous at- 
tempts to classify wells have indi- 
cated that possibly 25 to 60 percent 
of the wells in this class will encoun- 
ter little or no corrosion. Present in- 
dications are that non-corrosive 
wells in this class are rare, and it is 
probable that 90 percent are corro- 
sive. In view of this, serious consid- 
eration should be given to initially 
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completing and equipping wells so 
that control of corrosion is facili- 
tated. 


Arrangement of Subsurface 
Equipment to Facilitate 
Corrosion Control 


At Katy, all of the initial comple- 
tions consisted of setting tubing, 
without packers, inside of perforated 
casing. This conventional method is 
ideal for obtaining maximum pro- 
ducing capacities from tubing and 
casing outlets, but corrosion can at- 
tack the inside of the casing and 
both sides of the tubing. Chemical 
for corrosion control can be injected 
either into the tubing or casing while 
production is from the other outlet. 
Such a control depends on a perfect 
chemical, i.e., one that has suitable 
chemical and physical properties, 
and particularly one that will not 
lead to plugging of equipment or the 
producing formation. No highly ef- 
fective chemical for this purpose has 
been found. As a safety precaution 
against otherwise undetected casing 
leaks, a temperature-survey program 
is in effect to find leaks if and when 
they develop. 


Some Tubing Reset Large As 
Casing Size Allows 


A number of wells at Katy have 
been reset with tubing as large as 
the casing size allows. This permits: 
first, higher rates of production with- 
out large pressure losses; and, 
second, the injection of chemicals 
into the casing. A tubing packer is 
installed near the bottom to prevent 
chemical from going to the forma- 
tion. Chemical goes through perfo- 
rations installed in the tubing just 
above the packer. With this arrange- 
ment, the inside of the casing and 
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the outside of the tubing are sub- 
jected to a minimum of corrosion. 
The principal disadvantage—also 
true when no tubing packer is used 
—is that, if the casing leaks due to 
any cause, a loss of reserves or even 
a wild well could result. 

Tubing packers were used in the 
four wells that were equipped with 
steel tubing coated internally with 
plastic, and the annulus was filled 
with drilling mud weighing approxi- 
mately ten pounds per gallon. The 
economic success of this system, of 
course, depends on the life of the 
plastic coating, but almost complete 
protection against serious casing 
failures is obtained. If at some later 
time chemical has to be injected, the 
tubing can be perforated in place, 
and injection can be started, or some 
other means of injecting chemical 
might be tried. 


Consider Installing Two Strings of 
Pipe Concentrically Inside Casing 


Another system that has been con- 
sidered, but has not been used at 
Katy, utilizes two strings of pipe in- 
stalled concentrically inside the oil- 
string casing, complete with suita- 
ble packets. Mud would be left be- 
tween the casing and the intermedi- 
ate string, and chemical could be in- 
jected either into the innermost or 
the intermediate string while pro- 
duction is taken from the other. 
Such settings give the maximum 
protection against casing failure, but 
cost more. A rather effective inhibi- 
tor is necessary to justify the ex- 
pense of the two large-diameter 
strings, if the innermost string is 
used for the production tubing. If 
the intermediate string is as large as 
possible and is used as the produc- 





288 


tion string, and if chemical is in- 
jected by means of a macaroni 
string, the hazard of fishing jobs for 
parted macaroni strings is a disad- 
vantage. 

In the foregoing it is assumed that 
all tubular goods are ferrous mate- 
rial. All types of materials have been 
considered for tubing service in con- 
densate wells and, with the excep- 
tion of plastic-coated steel, no mate- 
rial appears to be economical—and 
this means glass linings, metallic 
linings and coatings, and alloys hav- 
ing adequate physical and chemical 
properties. Steel coated with the 
present semi-proved plastics costs 
approximately twice as much as un- 
coated steel. In cases when tubing 
fails in three to four years, such 
coatings can be justified if they ex- 
tend the life of tubing only one year, 
because the cost of the replaced tub- 
ing is usually only 25 to.30 percent 
of the cost of the work-over. The over- 
all economics involved, insofar as tub- 
ing corrosion is concerned, is that a 
material costing approximately five 
times that of mild steels can often be 
justified if it will give trouble-free 
service for 10 to 12 years. 


Economic Aspects of 
Corrosion Control 

The average annual loss due to 
corrosion in the Katy Field is esti- 
mated at $200,000, not considering 
loss of product, etc. About 75 percent 
of this is for the periodic replace- 
ment of tubing, whereas the remain- 
der is for inspecting and replacing 
other equipment. This estimate as- 
sumes that the casing has not been 
damaged sufficiently to cause early 
casing failures. The corrosion losses 
estimated previously herein would 
become secondary if one or more 
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wells were to blow out and result in 
wild wells and loss of reserves. Also, 
if only a tubing-replacement pro- 
gram is followed in the future, ie, 
no corrosion prevention is practiced 
—the damage resulting from fre. 
quent reworking of wells would in- 
crease the annual losses by such 
things as bad luck with fishing jobs, 
further damage to casing, and possi- 
ble damage to the formation by mud 
and water. 


Plastic Coatings Deserve Careful 
Consideration 

Though plastic coatings are nota 
proved product, success to date indi- 
cates that they deserve careful con- 
sideration. At Katy, for example, all 
of the tubing in producing wells can 
be coated for about $140,000, or 
about the same amount as the esti- 
mated average annual workover ex- 
pense due to tubing corrosion. 
Should the coating extend the life of 
tubing only one year, they will pay 
out in comparison with using bare 
tubing and no corrosion protection. 
If plastic coatings will extend the 
average life of tubing five years, the 
use of coated pipe will probably 
prove to be the most satisfactory 
method of handling the subsurface 
problem. It would not solve the cor- 
rosion problem in entire well-head 
assemblies because of erosion in 
choke assemblies, nor does it elimi- 
nate the need for probable chemical 
protection in the gathering system. 


The best advantage that plastic- 
coated tubing has to offer is that the 
tubing can be packed off to obtain 
protection against casing failures, 
while a reasonable protection against 
corrosion is obtained. The monetary 


value of this safety precaution is 





ro 


June, 1947 


difficult to estimate at the present 
time. 

The successful use to date of soda 
ash as a neutralizing agent makes it 
appear to be a practical solution to 
most of the problems in this field. 
The relatively small amount of neu- 
tralizing agent required could not 
have been predicted from laboratory 
tests two years‘ago. It is estimated 
that soda ash, when used in all wells, 
will reduce the average annual cor- 
rosin expense in this field to about 
$50,000. Its principal disadvantages 
are: first, the need for constant at- 
tention and checking; and, second, 
the ‘act that either the casing or an 
addtional string of tubing is needed 
to convey chemical to the lower part 
of the tubing. The chemical itself 
will cost about $8000, whereas the 
remainder is chargeable to: (1) ex- 
pense of applying; (2) checking re- 
sults obtained; and, (3) losses not 
preventable. Some type of chemical 
treatment appears desirable in the 
gathering system, and the soda ash 
injected for subsurface protection 
also fills this need. 

Other more expensive chemicals 
may prove as economical as soda ash 
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—particularly if they are found and 
applied in those wells that at present 
are scheduled for workover jobs so 
as to postpone or eliminate those 
workovers. 

The amount of future corrosion 
losses cannot be estimated too ac- 
curately because of lack of complete 
knowledge of the condition of casing 
in the wells, and because the change 
in the program of producing only 
through the tubing will alter the 
corrosion rate in the tubing, well 
heads, and gathering system. It is 
believed that some casing failures 
will occur in the next few years. This 
will require the installation of liners 
in affected wells, and will result in 
reduced flow capacities. Some addi- 
tional wells will be required, the cost 
of which will be chargeable to corro- 
sion. The higher rate of flow through 
tubing will probably increase tubing 
corrosion. The lowering of the pres- 
sure in the gathering system, 
amounting to about 325 psi, will 
probably reduce the corrosion in the 
well heads and gathering system, so 
that it will become a minor problem 
or it will reduce the amount of chem- 
ical required to prevent corrosion. 


Conclusion 


Corrosion encountered at Katy is 
typical of that found in many con- 
densate fields. Experience in that 
field will aid in minimizing corrosion 
losses in other fields. 

Two methods of preventing cor- 
rosion, viz., (1) use of plastic-coated 
steel and, (2) use of a neutralizing 
agent, appear to be useful for reduc- 
ing the corrosion expense at Katy. 
The chemicals tried as inhibitors 
have not been satisfactory. Other 
chemicals are being tried in individ- 
ual wells. 


Research work has aided materi- 
ally as a background for full-scale 
field experiments. Considerably more 
research is required to obtain a bet- 
ter understanding of phenomena ob- 
served in the fields. Continued re- 
search is needed to cope with con- 
tinuously changing conditions in 
condensate fields and to correlate 
more closely field tests with labora- 
tory tests. 

Continued support should be given 
to the NACE High-Pressure Well- 
Corrosion Committee in an effort to 
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hasten the systematic testing of al- 
loys in condensate-well service. 

Operators should expect corrosion 
in condensate fields and should take 
corrosion into account when devel- 
oping new fields or when reworking 
old fields. 

Inspections made early in the life 
of a field would result in equipping 
wells so that corrosion control is fa- 
cilitated, and will reduce corrosion 
losses. The newer tools—such as cal- 
iper surveys and radium inspections 
—allow rapid, accurate determina- 
tions to supplement visual inspec- 
tions and water analyses. 

In fields where corrosion is found, 
early field trials of promising meth- 
ods should be made rather than wait- 
ing until all of the questions are 
answered by laboratory studies. 
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Keeping equipment in a safe op. 
erating condition is considered more 
important than the monetary losses 
due to corrosion in condensate fields, 
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CRROSION and the protection 
against corrosion is an item 
ing billions of dollars annually, 
for the oil industry alone, the 
runs high into the millions. 
he early days of the oil indus- 
he corrosion problem was a sim- 
ne but in recent years with the 
pment of the many refinery 
sses along with the change in 
1anner of transporting crudes 
ind the different products, corrosion 
secome a major item. It has be- 
a problem for the chemical 
ngineer and corrosion specialists, 
who are familiar with the many iaws 
yack of the causes. Some of these 
aws may be chemical in nature, 
while others may be related to tem- 
erature, stress, velocity, abrasive- 
ess of the product, and the like. A 
ew degrees change in temperature 
ne way or the other may affect the 
orrosion a great deal. With these 
iodern changes, the field is far too 
rast to attempt to cover it here in 
his limited space. So only a few of 
1e high points will be covered in 
his paper; and in so doing, atmos- 
jheric corrosion will not be con- 
idered, 
Selection of Crude 
The amount of corrosion in oil re- 
ning is fundamentally dependent on 


* A paper presented at the ASME meeting in 
ulsa, Okla., Oct. 7-9, 1946. ; 


291 


the degree of corrosiveness of the 
crude, which varies over a wide 
range. By selecting less corrosive 
crudes, it is possible to reduce the 
amount of corrosion and hence the 
cost of corrosion prevention. In our 
company’s crude procurement the 
corrosiveness of a crude is con- 
sidered along with a number of other 
factors in arriving at a decision on 
its purchase. However, the other 
factors such as transportation, avail- 
ability, quantity, and the like often- 
times carry a greater weight and the 
results are: headaches for the corro- 
sion engineer. 

The corrosiveness of crudes is de- 
termined largely by five factors, of 
which the greatest weight, with re- 
spect to corrosion alone, is placed on 
the first three. These are: 

1) Hydrochloric acid evolution 

2) Hydrogen sulfide sulfur 

3) Mercaptan sulfur 

4) Total chloride content, re- 

ported as sodium chloride, 
usually referred to as “total 
salt” 

5) Total sulfur content. 

The hydrochloric acid evolution is 
a measure of the acid that will be 
formed during steam distillation un- 
der prescribed conditions. In refin- 
ery operation this acid, formed by 
hydrolysis of calcium and mag- 
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nesium chlorides, collects in the con- 
densed steam from crude distillation, 
forming a solution that is very cor- 
rosive to iron and steel, and has been 
known to corrode through run-down 
lines in a few months’ time when 
not properly neutralized. 

Hydrochloric acid is usually the 
corrosive medium at temperatures 
low enough for water to exist as a 
liquid. There is also some evidence 
that hydrogen chloride corrosiott 
takes place at higher temperatures. 

Before the development of the 
hydrochloric acid evolution method 
of analyzing crude by Davis, Jones, 
and Neilson, attempts were made to 
determine the calcium and magne- 
sium content of crudes. Such analy- 
ses were tedious and our experience 
has shown them unreliable for deter- 
mining the extremely small amounts 
of these substances present in most 
crudes. 

The relative amounts of the three 
chlorides, taken from an analysis of 
the deposit from raw Michigan crude 
(before desalting) in the tubes of a 
heat exchanger are: 

Sodium chloride j 
Calcium chloride 10.69 
Magnesium chloride.. 0.86 

With a total chloride content of 
100 pounds per 1000 barrels, the 
magnesium content of crude, repre- 
senting the principal source of this 
type of corrosion, approaches the 
vanishing point. The direct determi- 
nation of hydrogen chloride evolu- 
tion gives a good measure of the cor- 
rosiveness of the crude in this re- 
spect much more easily and reliably 
than determination of calcium and 
magnesium. 

Hydrogen Sulfide and Mercaptan 
Sulfur 


Hydrogen sulfide and mercaptan 
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sulfur, determined by dry distilla- 
tion of crude, are of about the same 
order of corrosiveness, and for con- 
venience can be considered together 
as “corrosive sulfur” or “distillation 
sulfur.” Corrosion due to these con- 
stituents increases with temperature 
and is especially noticeable in fur- 
nace tubes, cracking unit vessels, 
and other high-temperature eq uip- 
ment. At high temperatures. this 
form of corrosion is believed to be 
the controlling factor. Even at lower 
temperatures non-ferrous alloys, 
such as red brass and other copper 
alloys, are attacked by sulfur in this 
form, but the alloys vary greatly 
among themselves in rate of sulfur 
corrosion. 
Total Chloride Content (Total Salt) 

Before the use of the hydrogen 
chloride evolution method, the total 
chloride content was considered an 
index of the corrosiveness to be ex- 
pected due to hydrochloric acid for- 
mation. Since only calcium and mag- 
nesium chlorides, primarily the lat- 
ter, produce hydrogen chloride in the 
normal refining operation, the above 
assumption is not strictly true. 

The total chloride content, how- 
ever, is an important figure, because 
it is an indication of the tendency oi 
the crude to plug heat-exchanger 
tubes, and the inorganic solid con- 
tent of the residual product (coke, 
heavy fuel oil or asphalt) can be 
predicted from it. 

Total Sulfur 

In the case of crudes run in re 
fineries of our company the relation 
between the total sulfur content anf 
corrosiveness of crude has not beet 
established. However, it is wel 
known that West Texas crude, fo! 
example, with a total sulfur conten 
of more thah 2 percent is far mort 
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corrosive, at cracking temperatures, 
than any of our crudes. 
Neutralization 

Desalting 

Desalting is included under this 
heading, although it has the effect of 
preventing acid formation, rather 
than neutralizing it after once 
formed. Desalting has no measure- 
able effect on the corrosive sulfur 
content of crude. Desalting equip- 
ment has been in successful opera- 
tion it one of our plants since 1937. 
Ammnionia 

Neutralization of the acidity pro- 
duce! in crude distillation by am- 
monia is in practice at all of our re- 
fineries. Ammonia, being used as a 
gas, distributes itself well, especially 
in passage through a fractionating 
tower, so that no extra equipment is 
required to give good contact. The 
amount of injection depends on the 


materials in the system. If the equip- 
ment is of iron or steel construction, 
an attempt is made to keep the pH 


between 7.5 and 8.0, and between 
6.8 and 7.2 where non-ferrous ma- 
terials are used. 

On one occasion, the raising of the 
pH from 4.8 to 6.6 on a crude still 
reduced the iron content of the water 
from 456 to 45 parts per million. 
Anhydrous ammonia is purchased in 
150-pound cylinders, but considera- 
tion has been given to buying it in 
tank-car quantities. When the re- 
quired consumption is greater than 
seven pounds per thousand barrels, 
there are three serious objections 
to this form of corrosion prevention, 
namely : 

1) High cost. 

2) Plugging of towers, ex- 
changers, and lines, which in 
some cases have shortened the 
runs to two weeks. 
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3) Increased corrosion even with 

effective neutralization. 

In general, ammonia neutraliza- 
tion is of most value in preventing 
hydrochloric acid corrosion under 
conditions where water exists as a 
liquid. Ammonium chloride is stable 
up to 660° F., whereas ammonium 
sulfide breaks down at about 110° F. 
Solid Alkalies 

Solid alkalies are considerably 
cheaper than ammonia. However, 
they are not suitable for neutraliza- 
tion of overhead vapors, due to the 
difficulty of obtaining thorough con- 
tacting, and also to the fact that con- 
tinued contact with alkaline water 
is damaging to the usual copper- 
alloy condenser tubes. 

Solid alkalies, however, can be of 
value in preventing acid evolution 
when mixed with the crude. They 
can be injected into the crude in 
measured amounts in the form of a 
solution, or slurry, and are useful 
in overcoming the objections to am- 
monia neutralization alone with par- 
ticularly corrosive crude. 

The three cheapest alkalies are 
caustic soda, soda ash, and hydrated 
lime. The first two are readily solu- 
ble in water, and can be conveniently 
used as a solution. Lime is insoluble 
in water or oil, but can be commonly 
used as a slurry. The behavior of 
the three alkalies is quite different. 
Caustic soda is reported to promote 
coking in furnace tubes. Lime actu- 
ally may prevent coking. Soda ash, 
in our experience, has given no trou- 
ble in this respect. 

Various kinds of materials have 
been used in our tubular units, in- 
cluding exchangers, condensers and 
coolers. The best-suited material for 
the service is sometimes determined 
by actual installation of test tubes, 
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or by the installation of a test spool 
containing various metals. As a re- 
sult, our exchanger tubes vary from 
carbon steel to 18-8 chromium nickel, 
while condenser and cooler tubes 
are, generally speaking, admiralty, 
inhibited to prevent dezincification. 
Cupro-nickel has also proved quite 
satisfactory for some special cooler 
installations. 

Where highly corrosive condens- 
ing and cooling water prevails there 
is a definite need for bi-metal tubes, 
which we hope will be readily avail- 
able soon at a reasonable cost. 

Furnace tubes are usually carbon 
steel and 4-6 percent chromium 0.5 
percent molybdenum. Variations to 
this statement occur under special 
conditions, such as low corrosion 
and high temperature where 2 per- 
cent chromium 0.5 percent molybde- 
num tubes with 1.25 percent silicon 
are proving to be quite satisfactory. 
Where the corrosion rate is too high 
for 2 percent chromium, then 4-6 
percent chromium 0.5 percent mo- 
lybdenum tubes, with 1.25 and 1.50 
percent silicon are used for the high 
temperature operation. The purpose 
of the silicon is to reduce oxidation, 
which is accomplished for oil tem- 
peratures as high as 1150° F. 

In the early days of cracking our 
radiant furnace tubes were 18-8 
chromium-nickel material, but have 
now been replaced with 4-6 percent 
chromium-molybdenum, with silicon 
added where oxidation is a problem. 

In cases of localized corrosion, in 
towers for example, the use of alloys 
for liners is general practice. These 
materials include nickel-copper al- 
loys, 11-13 percent chromium and 
18-8 chromium-nickel. Some brass 
lining is done in low temperature 
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crude still distillation. One objection 
to this form of corrosion prevention 
is that corrosion often times shifts 
to another unprotected location 
hence requiring additional lining. 

Where a definite type of corrosion 
can be anticipated in new installa- 
tions it is far better to have the 
lining installed prior to installation 
as clad, or shop installed spot-welded 
liners are far better than liners in- 
stalled in the field. 

Cathodic protection, in which the 
metal that would ordinarily be an- 
odic in a corrosion cell is made 
cathodic by application of a direct 
current, has long been used for pipe- 
lines and now to some extent in the 
refinery. 

As for non-metallic protective coat- 
ings, most of them have temperature 
limitations in addition to their being 
not too well suited to refinery opera- 
tions. However, due to develop- 
ments during World War II, there 
are some synthetic coatings that 
appear as having outstanding possi- 
bilities. Some of these are on test in 
our plants at the present. 

In conclusion, it is believed that 
the best investment a refiner can 
make today is in corrosion engineers 
who are familiar with the many 
problems, and who are capable of 
solving these problems. With the 
recent introduction of catalytic re- 
fining, the corrosion field has_be- 
come far wider, requiring the knowl- 
edge of chemical engineers as well. 
The solution is not always easy and 
often times involves the field of 
economics to determine the best 
plan to follow. Never before has the 
corrosion problem been so complex; 
and the refiner can justify a con- 
siderable expenditure to combat it. 





Contributions of Sir Humphry Davy 
To Cathodic Protection 


By |. A. Denison 


U, S. Department of Commerce, National Bureau of Standards, Washington, D. C. 


IRVEYS of the literature on 
,_) cathodic protection usually begin 
with a reference to the work of Sir 
Humphry Davy. After having cited 
the customary reference to the lit- 
erature, the writer proceeds to a con- 
sideration of the work of contempo- 
rary investigators, with the result 
that the reader is left to wonder just 
what contribution Davy could have 
made in the field of electrical protec- 
tion 100 years before the electrolytic 
theory of corrosion became generally 
accepted, and even before the discov- 
ery of Ohm’s law and Faraday’s 
laws of electrolysis. Having had oc- 
casion recently to read the series of 
papers’ ** which Davy presented 
before the Royal Society in 1824 and 
1825, the writer considered it worth 
while to prepare a review of Davy’s 
work on cathodic protection for the 
benefit of those corrosion engineers 
who, because of lack of time or the 
unavailability of the early volumes 
of the Transactions of the Royal So- 
ciety, are unfamiliar with Davy’s 
contributions in the field of corro- 
sion prevention. 

The origin of the principle of ca- 
thodic protection is to be found in 
Davy’s early work on the chemical 
effects associated with the genera- 
tion of electricity by the original pri- 
mary battery, known today as the 


. 


Voltaic pile. In a communication to 
the Royal Society in 1800, Volta de- 
scribed how he produced an electric 
current by stacking copper, brass or 
silver disks alternately with zinc 
disks, the pairs being separated by 
an absorbent material, such as cloth, 
saturated with brine. This discovery 
aroused the interest of Davy, who 
showed that in the operation of 
Volta’s battery the zinc electrode 
was corroded but the other electrode 
remained unaffected. This and other 
observations led Davy to the concept 
of the electrochemical series of the 
elements. 

The rapid failure of the copper 
sheathing on the hulls of ships of 
the British Navy provided Davy 
with the opportunity to apply his 
discoveries of the galvanic effects of 
dissimilar metals to the prevention 
of corrosion electrolytically. In 1823, 
a committee of the Royal Society 
was appointed to devise means for 
preventing the corrosion of the cop- 
per sheathing; and Davy was desig- 
nated to initiate the investigation. 
The purpose of the sheathing was 
twofold: first, to protect the wooden 
hulls from destruction by worms, 
and secondly: a prevent the adhesion 
of barnacles and other forms of ma- 
rine life. 

Since it was generally supposed 
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that sea water had little or no action 
on copper, the corrosion of the cop- 
per sheathing was assumed to have 
resulted from impurities in the 
metal. However, from the results of 
a series of chemical analyses made 
on specimens of copper which had 
been removed from naval vessels, 
Davy was able to show in his first 
report to the Royal Society that the 
differences in the corrosion observed 
could not possibly have resulted 
from impurities in the copper and 
that the cause of corrosion must be 
sought elsewhere. 

In investigating the nature of the 
corrosion of copper in sea water, 
Davy noted an unequal distribution 
of deposits of green corrosion prod- 
ucts, which on analysis were found 
to be composed of the oxide, basic 
chloride and carbonate of copper, 
and magnesium carbonate. Adher- 
ence of marine organisms was in- 
variably associated with these de- 
posits. The corrosion observed was 
attributed by Davy to electrolytic 
action between the corrosion prod- 
ucts and the areas of copper exposed 
directly to sea water. 

“As long as the whole surface of 
the copper changes or corrodes, no 
such adhesions can occur; but when 
this green rust has partially formed, 
the copper below is protected by it, 
and there is an unequal action pro- 
duced, the electrical effect of the 
oxide, submuriate and carbonate of 
copper formed being to produce a 
more rapid corrosion of the parts ex- 
posed to sea water, so that the sheets 
are often found perforated with 
holes in one part after being used 
five or six years, and comparatively 
sound in other parts.” 

With respect to the fouling which 
often developed on these layers of 
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corrosion products, Davy remarks: 
“There is nothing in the poisonous 
nature of the metal which prevents 
these adhesions. It is the solution by 
which they are prevented—the: wear 
of surface.” 

Davy’s statement of the problem 
of preventing the corrosion of the 
copper sheathing was as follows: 
“Copper is a metal only weakly posi- 
tive in the electrochemical scale; 
and according to my ideas: it could 
only act upon sea water when in a 
positive state; and, consequently, if 
it could be rendered slightly nega- 
tive, the corroding action of the sea 
water would be null; and whatever 
might be the differences of the kinds 
of copper sheathing and their elec- 
trical action upon each other, stil! 
every effect of chemical action mus! 
be prevented, if the whole surface 
were rendered negative.” 

The various effects associated 
with the corrosion and cathodic pro 
tection of copper in sea water were 
demonstrated by Davy in an in 
genious manner. A piece of coppe: 
wire several feet in length and 
wound to form a continuous series 
of coils was connected to a piece oi 
zinc wire one-half inch in length 
The zinc and a portion of the copper 
were placed in one glass and one coil 
of copper was placed in each of a 
series of six other glasses and the 
circuit was completed. The glasses 
were filled with sea water, and elec 
trolytic conduction was provided by 
means of thin wicks. After the cur- 
rent had flowed for some time, the 
copper coil in each glass was ex 
amined. In the first glass, which con 
tained both zinc and copper, alkali 
and alkaline earth carbonates were 
deposited on the copper coil, except 
on those parts of the surface which 
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remained bright, where crystals of 
sodium carbonate only were de- 
posited. In the second glass, the cop- 
per was covered with fine crystals of 
calcium carbonate, but, as in the first 
glass, some crystals of sodium car- 
bonate were noted on the bright cop- 
per surfaces. In the third glass, all 
of the copper wire remained clean, 
the deposited crystals of sodium car- 
bonate being distinguishable only by 
chemical tests. In the fourth glass, 
the copper remained bright in conse- 
quence of a slight but general cor- 
rosion, a scarcely visible deposit of 
-opper salts being noted; in the fifth 
gliss, the deposit of copper salts was 
‘learly visible, and in the seventh 
lass, the copper wire was com- 
jetely covered with the corrosion 
oducts of copper. 

With the assistance of Faraday, 
vho was at that time employed by 
‘savy as a laboratory assistant, a 
series of laboratory experiments was 
conducted whereby pieces of zinc 
and iron were attached to copper in 
various area ratios and the couples 
were immersed in sea water. Zinc 
the size of a pea, or an iron nail pre- 
vented corrosion on 40 to 50 square 
inches of copper. 

Encouraged by these results, a sim- 
ilar series of tests was conducted in 
the harbor at Portsmouth. With an 
area ratio of zinc to copper of from 
1:40 to 1:150 no corrosion of the 
copper occurred, as demonstrated by 
weight-loss measurements ; but after 
exposure for four months, deposits 
formed on the copper coupled to zinc 
in area ratios less than 1:80. These 
deposits were found by analysis to 
be composed chiefly of calcium car- 
bonate, with some magnesium car- 
bonate and magnesium hydroxide. 
In addition to deposition of these 
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calcareous layers there was consid- 
erable fouling by marine organisms. 
With increase of the zinc-copper 
ration to 1:150, neither deposition of 
salts nor fouling occurred, which led 
Davy to set limits on the degree of 
protection to be applied, making the 
“application of a very small quantity 
of the oxidable metal more advan- 
tageous than that of a larger one.” 

Appreciating the importance of 
studying the behavior of the zinc- 
copper couple on ships in the course 
of an actual voyage, Davy installed 
on the bow of a ship weighed copper 
sheets connected to zine strips so as 
to provide different area ratios. The 
conclusion drawn from these tests 
at the end of the voyage was that 
the speed of the ship at eight miles 
per hour did not affect the area of 
anodic metal required over that de- 
termined by simple immersion tests. 
No deposition of calcareous material 
or fouling occurred during the voy- 
age. 

The practical consequence of 
Davy’s work was that, although cor- 
rosion of the copper sheathing could 
be readily prevented by application 
of cathodic protection, the problem 
of fouling was not completely solved. 
On naval vessels a low rate of cor- 
rosion of the copper sheathing could 
be tolerated providing fouling could 
be prevented ; and Davy was able to 
maintain a balance between corro- 
sion and fouling by varying the area 
of the protecting metal. Although 
fouling on merchant ships could not 
be entirely prevented, a certain 
amount of fouling was not objection- 
able so long as the copper sheathing 
remained intact. However, as a con- 
Sequence of the higher speeds of 
ships which followed the develop- 
ment of steam navigation, the prob- 





298 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


lem of fouling became less critical. 

In connection with the protection 
of the copper sheathing, Davy had 
also to consider galvanic effects be- 
tween the sheathing and. the bolts 
used in the construction of ships. 
The iron bolts used originally cor- 
roded rapidly by galvanic action 
with the copper sheathing, with the 
result that ships could not withstand 
the strains set up in storms.‘ Re- 
placement of the iron bolts with 
bronze resulted in corrosion of the 
sheathing immediately surrounding 
the bolts. To remedy this condition, 
Davy suggested that the bolts be 
made of an alloy only slightly more 
noble than copper.’ As a matter of 
interest, it may be noted that a pro- 
cedure analogous to that recom- 
mended by Davy is practiced at least 
to some extent, to prevent the cor- 
rosion of iron bolts used in the me- 
chanical joints in certain present day 
pipeline systems. By making the 
bolts of an alloy steel slightly ca- 
thodic to iron and steel, it is ex- 
pected that the bolts will be cathodi- 
cally protected by corrosion of the 
surrounding metal. 

From this review it is evident that 
the electrolytic theory of corrosion and 
certain present-day problems of gal- 
vanic corrosion and corrosion preven- 
tion were to an extent anticipated by 


Davy without benefit of electrical 
theory or even of electrical measur- 
ing instruments. Davy’s explanation 
for the corrosion of copper in sea 
water as being due to an electrical 
effect associated with local deposits 
of oxides and chlorides of copper does 
not differ materially from the modern 
explanation of the same phenomenon. 

The toxicity of copper salts to- 
ward marine organisms is today re- 
ceiving active consideration in the 
selection of copper alloys for marine 
use. 

As has been previously indicated, 
the solution suggested by Davy for 
avoiding galvanic corrosion of bolts 
in the hulls of ships is the same as 
that currently advocated for prevent 
ing the corrosion of bolts in the 
mechanical joints of underground 
piping systems. 

With respect to cathodic protec- 
tion, Davy realized the necessity for 
control of the current required for 
corrosion prevention as do modern 
corrosion engineers. Just as Davy 
failed to control the cathodically 
applied current so as to prevent both 
corrosion and fouling, so there re- 
main today the unsolved problems 
of measuring the minimum current 
required for corrosion prevention 
and establishing suitable criteria for 
cathodic protection. 
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Discussion of Paper 


Designing to Prevent Corrosion* 


By F. N. Speller 


Metallurgical Consultant, 6411 Darlincton Rd., Pittsburgh, Pa. 


tHE IMPORTANCE of struct- 
ural design has been discussed 
with reference to the prevention of 
alvanic contact and concentration 
‘|! effects, which may be the cause 
| serious weakening of the struc- 
ure by localized corrosion (or pit- 
ing). Ledges or crevices where 
‘ater and debris may be trapped in 
itact with the metal should be 
iminated in the design as far as 
practicable. Welded seams can often 
be substituted for riveted seams. For 
instance, cracking of steam boilers 
due to the combined action of con- 
centrated caustic solutions and high 
localized stresses in riveted seams 
has been practically eliminated by 
welding these seams. 

\dequate drainage of metal struc- 
tures exposed in the atmosphere ren- 
ders the metal more or less self- 
washing or at least makes cleaning 
relatively easy. 

Most of the failures from corro- 
sion in service are due to local per- 
foration or pitting. The average 
overall rate of attack uniformly dis- 
tributed is rarely a matter of con- 
cern. For instance, water pipes are 
frequently pitted through before the 
weight loss amounts to 5 or 10 per- 
cent of the original weight. The in- 
tensity of attack on anodic areas in- 
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creases as the ratio of the anodic 
to cathodic area decreases. Hence, 
rate of perforation is closely con- 
nected with the factors that control 
anodic conditions, and conversely 
the tendency to pitting decreases as 
corrosion is scattered more uni- 
formly over the exposed metal sur- 
face. 

The purpose of this discussion is 
to add further emphasis to the im- 
portance of cleanliness as a factor in 
making for uniformity of attack. 
Particles of foreign matter, espe- 
cially corrosion products that form 
over incipient pits, intensify the rate 
of attack at such points. When such 
material is removed before the pit 
has become too deep, the attack is 
usually shifted to another point. In 
this way corrosion is more uniformly 
distributed on metal that is fre- 
quently cleaned free from tubercles 
of rust or other deposits. 

It is also evident that it is more 
important to maintain passive metals 
or alloys clean, such as stainless 
steel, than plain metals, such as car- 
bon steel or copper-base alloys; for 
if dirt is allowed to accumulate, or 
incipient corrosion tubercles de- 
velop, the very dangerous combina- 
tion of small active anodic area to 
cathodic surfaces 


large passive 


exists, which leads to rapid pitting. 
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Cleanliness also improves the effi- 
ciency of inhibitors. In fact, localized 
attack is encouraged when insuffi- 
cient amounts of anodic inhibitors 
such as sodium chromates are ap- 
plied, but it hasbeen shown’? that 
much less of the inhibitor is required 
to prevent corrosion when the metal 
is wiped free from incipient pits 
periodically. Anodic inhibitors can 
therefore be safely used in low con- 
centration when the metal is 
swabbed regularly. 

Cleaning metal surfaces, it will be 
seen, is a very important factor in 
corrosion control. A few instances 
where this simple remedy has been 
successfully applied are outlined 
briefly as follows: 

In atmospheric 


corrosion, pipe 


handrails and railroad tracks kept 
clean by frequent use corrode with- 
out serious pitting—“busy metals do 


not corrode.” The importance of 
regular inspection and cleaning has 
been pointed out in connection with 
safe maintenance of aircraft struc- 
tures to combat destructive corro- 
sion. Inadequate cleaning has ma- 
terially reduced the service life of 
military aircraft, especially in the 
tropics. Periodic swabbing, we well 
know, is essential if the barrels of 
our shotguns are to be kept in A-1 
condition. 

In aqueous corrosion where the 
metal is much more liable to suffer 
by pitting, cleaning has a wider ap- 
plication; for instance, surface con- 
denser tubes last much longer and 
serve more efficiently when regu- 
larly cleaned on the inside where 
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water deposits and corrosion tuber- 
cles form. Suitable rubber swabs 
may be quickly shot through the 
tubes by air pressure. Water con- 
duits, water mains, etc., also lose 
considerable carrying capacity from 
the increased wall friction caused by 
these accumulations. 

Oil products pipelines carrying the 
lighter petroleum products become 
corroded with numerous small tu- 
bercles of rust, which within a few 
months materially reduce ‘the flow 
unless protective measures are ap- 
plied. This is due to the deposition 
of moisture from gasoline on the in- 
terior of the pipe as the temperature 
drops, and to dissolved oxygen in 
the fluid. Water soluble inhibitors 
such as sodium chromate or nitrite 
are effective, but rust deposits have 
been prevented and the flow ca- 
pacity fully maintained by passing 
scrapers made up of two or three 
rubber discs through the line about 
every five days. More often the 
“rubber disc swabs” may be used 
less frequently when a water soluble 
inhibitor is employed. In either case 
a smooth interior without appreci- 
able. pitting can be maintained. 

The foregoing few examples illus- 
trate the important connection be- 
tween metal cleanliness and the use- 
ful life of metals. In this respect they 
react somewhat like human beings— 
“Cleanliness is next to Godliness.” 
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Attenuation of Drainage Effects 


On a Long Uniform Structure 


With Distributed Drainage* 


By J. M. Standring 


American Telephone and Telegraph Co., New York, N. Y. 


. A PAPER given last year' 
| there are presented formulas for 
the attenuation of forced drainage 
currents and voltages to earth along 
a long uniform leaky structure. 
These formulas treat the situation 
where the forced drainage is applied 
at a single point or at points suffi- 
ciently separated so that there is no 
interaction between the drains. Fre- 
quently, forced drainage is applied at 
more or less regular intervals along 
a structure to order to provide more 
uniform cathodic protection and to 
avoid, as far as practicable, excessive 
negative potentials to earth near the 
drainage points. 

The spacing of drainage points 
and the current drained at each 
point depend in large measure on 
practical considerations such as, ease 
of installing low-resistance grounds, 
proximity to power sources, right- 
of-way questions, etc. 

[In preliminary studies, however, 
it is convenient to be able to esti- 
mate from test data the effects that 
may be expected per ampere of 


*A paper presented at the annual meeting of 
NACE in Chicago, Ill., April 7-10, 1947. 
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drainage from a uniformly spaced 
series of drainage points. Using as a 
basis the formulas for the potential 
change of a structure to remote 
-arth presented in the previous pa- 
per, expressions for the effects of 
equal drainage applied at uniform 
spacings will be developed here. 

For purposes of this paper, it is 
convenient to divide drainage sys- 
tems into two types: 


1) Where the current is supplied 
by devices whose emf may be 
selected on the basis of re- 
quirements, such as rectifiers, 
motor generator sets, etc. 
Where the current is supplied 
by fixed emf sources such as 
galvanic anodes. 

The reason for this division will 

become evident later. 


General 
If an infinitely long buried struc- 
ture is assumed to have uniform 
longitudinal conductivity and uni- 
form leakage resistance to earth its 
resistance, Rx, to remote earth look- 
ing in one direction from any point 
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METHOD OF SUPERPOSITION IN COMPUTING EFFECT OF 
TWO DRAINAGE POINTS 


can be found by the usual uniform 
line formula and is: 


Rx = VRs Ru [1] 
where: Rs== Longitudinal resistance 
in ohms per kilofoot, 
and Ry== Leakage resistance in kilo- 
foot-ohms. 

Also, if Vo is the change in the 
potential of the structure to remote 
earth per ampere of current removed 
from the structure at any point, the 
change in structure potential at a 
point distant x kilofeet from the 
drainage point is: 

Vx = Voe™ (2] 
where @ is the attenuation constant 
of the structure and is equal to, 


vy 
Ri 
If a drainage current of I, amperes 
is taken off such a structure at any 
point to a remote anode, the current 
will come equally from each direc- 


tion along the structure and_ the 
change in structure potential to re- 
mote earth at the drainage point 
caused by I, will be: 

Vo= 


Ta Rx 


Thus, with a knowledge of the 
structure constants, which may be 
either computed or measured, it is 
possible by means of expressions ], 
2 and 3 above to estimate the 
potential change that can be ex- 


pected at any point along a uniformm 
structure due to drainage at a single& 


point. 
When there is more 
drainage point, the potential change 


at any point on the structure can bef 
obtained by superposition. That isi 
by computing the effect of eachiffl 
drainage separately on a particularf 
point and then adding the individual 


effects to obtain the total effect. For 


instance, assume two drainage point 
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FIG. 2 
POTENTIAL CHANGE AT DRAINAGE POINTS AND AT POINTS MIDWAY BETWEEN DRAINAGE 
POINTS FOR NM EQUAL DRAINERS SPACED 5 KILOFEET 


each draining I, amperes and sep- 
arated by / kilofeet, as indicated on 
Figure 1. The potential change at 
point a, x kilofeet from drainage 1 
would be, due to drainage 1; 
i a Re fe 
and due to drainage 2; 
— Ta Rx 
Vi-2= i. ce 
The change due to both drainages 
would be the sum of these two 
pe i.e., 


a- i+ Va- :=— 


—ax 


—a(l—x) 


da Re se (e"™ ob ee ) 


This process a be repeated for 
other points between the drainage 
points and a plot developed as indi- 
cated on Figure 1. 

In the case where a number of 


forced drainage points at regular 
spacing and of equal current are con- 
templated, the above method can be 
used to estimate the cumulative ef- 
fect at any point. However, if uni- 
form conditions are assumed, gen- 
eral expressions for the effects at 
salient points within the system such 
as at particular drainage points and 
at points midway between particular 
pairs of drainage points may be de- 
veloped. With this information, the 
effect at intermediate points may be 
estimated graphically. 


Rectifier and Similar Drainage 
Systems 
Consider a long uniform structure 
with n drainage points spaced at 
regular intervals of s kilofeet, each 
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draining I, amperes. (It is convenient in this development to assume that 
n is an odd number.) This arrangement is illustrated in Figure 2, which also 
indicates the effect of each drainage along the structure, as well as the 
cumulative effect of all drainages operating simultaneously. 

The potential change at the center of the system (c on Figure 2) is, by 
summation: 


Ve= a Rs + a Rel ene pomp cep [4] 

In this expression, the first term is the change produced at the center 
drainage point by the current removed at that point. The second term repre- 
sents the effects of all of the other drainage points, attenuated to the center. 
The quantity in parentheses represents the effect of all of the drainages on 
one side of the center and is, therefore, multiplied by 2 in order to account 
for a like number on the other side. This quantity in parentheses is a geo- 
metric series and may be summed up in the usual way. When this is done, 
and other reductions performed, the following expression is obtained for the 
combined effect on the structure to the remote earth potential at the center 
drainage point: 


A ces —. 50% (n-1) 
Ve=la Rx[ 5 4+—* —] (5] 


At the first pair of drainage points off center (c+ 1 in Figure 2) the 
potential change to remote earth will be: 


es “Ast eet Ae | 
a= eters Rta | [6] 


In this expression the first term, as before, is the effect at the drainage ff 
point in question due to its own current. The second term is the cumulative 
effect of all drainage points in one direction and the third term is the cumulative 
effect of all drainage points in the other direction. If p is assigned to repre- 
sent the position of the drainage point at which the potential change is de- 
sired with respect to the center of the system, (that is, for the first point off 
center p= 1, for the second p=? etc., and for the last point p== 7) the 
following general expression is obtained: 


T R 2 aie —-5 Qs (n-2p—1) e —-5@s8 (n+2p—1) 
Ves eo ] 
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3 2 
Kilofeet from Center 


R, = .fohm~kf, Rs = tkilofoot-ohm, Ry= VRsR, = .316 ohm 


ato a — 316 S=S5Kf, n=3 


FIG. 3 
EFFECT OF THREE EQUAL DRAINAGE POINTS SPACED 5 KF 


APART ON SINGLE FULL SIZE TELEPHONE CABLE 
IN CONDUIT 


The expression for the potential change at points midway between drain- 


age points is similarly obtained and is as follows: 


=< —-5a a —-5a +2Q- 
e san(2_¢ 5s (n eo) 6 5Qs (n ~)] 


[8] 


—Xs 


tag 


When Q represents the position with respect to the center (i.e. for the 


first pair of mid points off center Q=1, for the second Q = 2, etc.). 
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For an example of the use of the 
above expressions, assume that it is 
desired to install three drainage 
points at 5-kilofoot intervals along 
a single full size telephone cable in 
conduit. The longitudinal resistance 
of such a cable, Rs, is about 0.1 ohm 
per kilofoot and a leakage resistance 
R, of 1 kilofoot-ohm will be as- 
sumed. From these figures, Rx = 
0.316 ohms and ¢=0.316 (Rx and « 
are not necessarily equal numerically. 
This is just a coincidence.) These 
values, substituted in the above 
equations provide the points on the 
potential change per ampere chart, 
plotted on Figure 3. Since the sys- 
tem is symmetrical about the center, 
only the effects to one side of center 
are shown. 

If it is assumed that the potential 
change at the points midway be- 
tween drainages is the minimum 
change that occurs between a par- 
ticular pair of drainage points, the 
effects at intermediate points may 
be estimated by plotting the com- 
puted points on semi-log paper and 
joining them by straight lines. This 
construction is an approximation be- 
cause actually the points of mini- 
mum potential change lie to the 
left of the midpoint, and the curve 
is not a straight line on semi-log 
paper. The resulting error is slight, 
however, as indicated on Figure 3, 
which shows the computed curve as 
well as the estimated curve. 

In the above formulas it was as- 
sumed that the drainage currents 
were independent of one another; 
that is, that the addition of succes- 
sive rectifiers to the system did not 
affect the drainage current of those 
already in place. With rectifiers or 
similar devices as the sources of 
drainage currents on fairly well- 
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grounded structures this assumption 
is valid because the emf’s of the 
sources are generally considerably 
larger than the changes in structure- 
to-earth potential produced at the 
drainage points by the next adjacent 
sources. In any event, the formulas 
are valid if, with all sources con- 
nected, successive adjustments in 
their emf’s are made until all of the 
drainage currents are equal. Such 
adjustments conceivably could be 
made. 

In the case of galvanic anodes, 
such an assumption is not valid be- 
cause: 

1) The change in structure poten- 
tial may no longer be small 
compared to the drainage emf. 

2) The drainage emf is fixed. 

It therefore becomes necessary to 
adopt a little different approach. The 
rigorous development of formulas to 
represent conditions becomes very 
complex and the formulas for even a 
few drainage points are unwieldy. 
By making certain approximations, 
however, it is possible to obtain ex- 
pressions that are simple and rea- 
sonably accurate. 

As in the case of rectifier drain- 
age, assume a system of n drainage 
points, this time supplied by gal- 
vanic anodes, distributed along a 
structure at regular spacings of s 
kilofeet. (Again, n ts an odd num- 
ber.) If the anode currents are as- 
sumed to be equal, the expression 
for the potential change at the mid- 
point of the distributed system is | 
the same as given before in Equa- | 
tion 4. Also, if the open circuit gal- 
vanic potential between the struc- 
ture is Eg, and the resistance to J 
ground of the individual anodes is 
Ra, the current at each drainage 
point with all others disconnected is 
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FIG. 4 
EFFECT OF DISTRIBUTED MAGNESIUM ANODES 
ON TELEPHONE CABLE /N CONDU/T 
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approximately’: 
Ee 
e, [9] 
This assumes that the character- 
istic resistance of the structure is 
negligibly small compared to the 
anode ground resistance, a fair as- 
sumption for most cases. If, how- 
ever, with all anodes connected to 
the structure, one of them is opened, 
the open-circuit potential between 
it and the structure will be smaller 
than Eg by the change in structure- 
to-earth potential caused by all of 
the other operating anodes. This re- 
duction in effective anode potential 
will be different at each anode, de- 
pending on the position of the par- 
ticular anode in the distributed sys- 
tem. This effect may be accounted 
for rigorously but as mentioned ear- 
lier, the resulting expressions are 
complicated and unwieldy. If it is 
assumed, however, that the reduc- 
tion is the same at all points and 
that it is equal to the change at the 
center anode location, the following 
relatively simple expressions for the 
current at the anode result : 


D-lasg 
Ee A e -ea(, ig 


Fo tithes 
solving for Ig gives: 


Eg -| 1 a — 
Since cinnay ae : YO0 


If it is now assumed that Je exists 
at all of the anode locations, the 
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above value may be substituted for 
I, in Equation 5 to obtain the struc- 
ture-to-earth potential change at the 
center anode. This substitution 
gives: ° 


5+tU_ 
Ve | Ra Ee 


." 


, 7-5 &s (n-1) 
where: y—J=&— 
ets 


The potential change at the last 
anode can’ be similarly determined 
under the assumption that the re- 
duction in effective anode potential 
is equal to the reduction at the last 
anode. This assumption results in 
the following expression for the 


structure-to-earth potential change 
at the last anode: 


ee es 
Va =| 2%, 7 Be 


Rx 


1 —e ~as 9 
cers e «1 


where: y 


From the above equations the po- 
tential change of the structure to 
remote earth may 
be found for the 
center and the twof 
ends of the dis- 
tributed drainage system. With thisf 
information, the change at inter} 
mediate points may be approximatelff 
by plotting the points so determined 
and connecting them with a straight 
line. In this case, ordinary graph pe 
per may be used because the spacing 
between anodes is ordinarily si 
small that little attenuation takes 
place between them and the addeé 
accuracy of semi-log paper, is there 
fore, not warranted. 

The process of successive assump 
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tions resorted to above can only be 
justified on the basis that the result- 
ing expressions are approximations. 
It has been found, however, by 
checking against more rigorously de- 
termined expressions, that the final 
approximate formulas are reasonably 
accurate, particularly when Rx is 
less than about 4Ra, a condition that 
will be generally met except, pos- 
sibly, in the case of well-coated lines 
or cables. 


As an illustration of the use of 
these formulas for the effects of gal- 
vanic anodes, experience in a prac- 
tical case may be of interest. For ex- 
ample, two telephone cables having 
a combined longitudinal resistance 
of 0.077 ohm per kilofoot extended 
in conduit for a distance of about 10 
kilofeet along the edge of a highway. 
At one end of the section the cables 
were spliced through into a conduit 
system containing additional cables, 
while at the other end they were 
connected to aerial cables that ex- 
tended for about 20 miles before en- 
tering underground conduit. In this 
10-kilofoot section it was desired to 
install sufficient cathodic protection 
to shift the potential of the cables 
by about 0.1 volt to remote earth, 
and distributed magnesium anodes 
were considered. 

Figure 4 shows the cable layout 
along with the location of manholes 
where connections could be made to 
the sheaths. A few preliminary tests 
indicated that Rx was about 0.55 
ohms and @ about 0.145. Assuming 
the installation of seven anodes at 
manholes 1, 3, 5, 9, 11, 13, and 16, the 
average spacing between anodes 
would be about 1.6 kilofeet. Substi- 
tuting the above-values in the for- 
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mulas for V, and V, gave: 


1.32 
Ra + 1.05 


2.14 
2Ra + 1.6 


The earth resistivity in this area 
is such that single 4-inch x 20-inch 
magnesium anodes might be ex- 
pected to have a resistance to ground 
of between 10 and 20 ohms. Using 
these two extremes in the above ex- 
pressions for Ve and V> yielded the 
plots shown on Figure 4. 

The anodes were installed as orig- 
inally planned and, disregarding one 
of them whose resistance was very 
high, had an average resistance of 
about 20 ohms. Measurements of 
cable-to-earth potential change were 
made after the anodes were installed, 
and the results are plotted on Figure 
4. 


Ve= 


Ves 


The measured change is some- 
what larger than would be expected 
from the estimates. This is believed 
to be due in part to the fact that the 
measurements of cable-to-earth po- 
tential with the anodes operating 
were not made until about a week 
after the installation was made and 
thus some polarization of the cable 
had probably taken place. The dif- 
ference might a'so be caused by volt- 
age gradients around the anodes al- 
though this would not seem likely 
since the measurements were made 
at points intermediate between 
anode locations specifically to avoid 
this effect which is not included in 
the formulas. 


Reference 
1. Pope, Robert, Attenuation of Forced 
Drainage Currents on Long Uniform 
Structures, Corrosion 2, 307, Decem- 
ber (1946). 
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Our Billion-Dollar Side Show* 


Bok eciely Se Managers Only 


By H. H. Anderson 


Vice President, Shell Pipe Line Corporation, Houston, Texas 


HEN MIKE JACOBS can 
draw a million-dollar gate for 
a one-round main event, we concede 
that Barnum was right. But what 
about us in industry who are need- 
lessly paying billions? for a show we 
can’t even see? I refer to soil cor- 
rosion—Nature’s relentless attack on 
our buried pipe lines, power and 
communications cables, rail systems 
and other metal structures. And I 
say “needlessly” because much of 
the damage can be stopped by ca- 
thodic protection if we will appreci- 
ate and apply this simple principle 
disclosed by Sir Humphry Davy in 
1824! 
A Speaking Acquaintance 
Cathodic protection can save in- 
dustry from myriad costly service 
breakdowns, commodity losses, cus- 
tomer ill-will and plant repairs and 
renewals. Yet many corrosion engi- 
neers tell me that a prime limitation 
on its use is that management is not 
yet sold on it. These ardent expo- 
nents know how simply it works, 
how great is its value, how tangible 
is its economy, and how it warrants 


*% A paper presented at the annual meeting 
of NACE in Chicago, Ill., April 7-10, 1947. 


t+ According to Bureau of Standards Circular 
C-450, the annual cost of pipe line replacements 
due to corrosion is approximately 200 million 
dollars per year! This does not take into ac- 
count the costs of replacing various other 
types of plant suffering from soil corrosion, 


@ CATHODIC Proctection is deemed so 
important that eight industry associations, 
the two nation-wide communications sys- 
tems and a professional association re- 
cently joined their effort in a committee to 
inform managers about it, to promote co- 
operation within and between industries in 
applying it, and to aid the local solution of 
its technical problems. This work will take 
time. Thus, as Chairman of the Correlating 
Committee on Cathodic Protection, | am 
presuming personally to “jump the gun” 
with this direct appeal to management for 
understanding and cooperation. 


S. H. y 


broader acceptance. Thus I suspect 
many engineers have confused in- 
stead of enlightened the boss with 
too much detail while trying to ex- 
plain facts that seem obvious to 
them. Believing that every operating 
executive owes it to his business to 
be at least on speaking terms with 
cathodic protection, I beg to intro- 
duce you herewith. 

Let’s raise the iron curtain on this 
billion-dollar show. We started it 
ourselves when we buried our re- 
fined metal structure bare (or prac- 
tically so) in the soil. This upset 
Mother Nature’s age-old chemical 
balance, and the old dame promptly 
started soil corrosion at work to re- 
store it. Soil corrosion of metal is 
caused by a localized attack of soil 
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Figure 1—Series of batteries caused by attack of patches of sour or moist soils along a structure. Arrows show 
currents flowing from anodic areas (areas of attack) to cathodic areas. 


shemical solutions. It starts where 
the soil is*more moist and acid or 
alkaline than average, or it can start 
at a defect in the metal surface. It 
generates electric currents which 
flow from the point of attack out 
through the soil back elsewhere to 
the metal. 


Assault and Battery 


You recall that in a common bat- 
tery the solution attacks the zinc 
or baser metal, called the “anode,” 
to generate a current. This current 
flows out through the solution to the 
carbon, called the “cathode,” thence 
through a metallic circuit back to 
the anode. And what of our buried 
structure? Contacted by the varying 
solutions of: Nature, its bare 
surface serves both as anode (the 
area under attack) and as cathode 
(the rest of its surface) because its 
metallic continuity forms a circuit 
between them. As shown in Figure 
1, if our structure is long (or is of 
large area) it can be a part of many 
such natural batteries, and thus it 
can have a series of anodic and ca- 
thodic sections. 


Jekyll and Hyde 


Soil moisture, that well-known 
H,O, plays a dual role in our subter- 


. 


soil 


ranean melodrama. Figure 2 shows 
a molecule at work! During the 
chemical attack some of the water 
divides into hydrogen and oxygen, 
each going its separate way. Oxygen 
is the one that attacks our structure. 





Figure 2. 


Its corrosive atoms create an anode, 
which responds with a weak but de- 
termined electric force that sends 
currents out through the soil seek- 
ing a cathode. But hydrogen rushes 
to the rescue. Its atoms ride the cur- 
rents through the soil and cover the 
rest of the bare surface. Soil chemi- 
cals cannot pierce the hydrogen film, 
thus it shields all but the immediate 
area under attack; i.e., it protects the 
metal by forming a cathode. Eureka! 
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There’s a clue to cathodic protection. 
If we can cover all of the surface 
with enough hydrogen we may pro- 
tect it completely. . 


The Sacrifice 

And how is this to be done? As 
they say in the movies, we merely 
get a “stand-in” or a‘ substitute 
anode. Through it we can apply 
other currents strong enough to en- 
ter our structure’s entire surface via 
the soil, thus overpowering and re- 
versing the local battery currents 
trying to leave. The simplest way to 
protect a steel or lead structure is 
to merely bury a chunk of baser 
metal (such as magnesium, alumi- 
num or zinc) near the structure, and 
connect the two by an insulated 
wire. Oxygen has a greater affinity 
for this baser metal, so—as long as 
the two are connected by the wire— 
it instead attacks the baser metal! 
This responds more vigorously and 
forces much stronger currents out 
through the soil en route to our 
structure. As shown in Figure 3, hy- 
drogen again rides them all and 
makes a cathode of its entire sur- 
face—even the areas before under 
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attack. The currents return from the 
structure to the baser metal anode 
through the wire. In the process, the 
baser metal instead of our structure 
is slowly oxidized or corroded away. 
Biblically speaking, it lays down its 
life for a friend. That’s why we call 
it a sacrificial (or “galvanic”) anode. 


A Knock-Out Punch 

Some soils are so corrosive as to 
require stronger measures. Here we 
may bury a mass of junk iron or 
steel (or a carbon rod) nearby to 
serve as the anode. Then with in- 
sulated wires we connect a strong 
external direct-current source, such 
as a ten-volt generator or rectifier, 
(+) to the junk and (—) to the 
structure. The generated currents 
force their way from the junk anode 
through the soil into the structure 
and smother it with hydrogen. The 
junk will be eaten away in time and 
must be replaced. A single such unit, 
being ten times more powerful than 
a galvanic anode, can protect several 
miles of structure under some condi- 
tions. The choice of a current-supply 
in each case poses some nice prob- 
lems, not. only in meeting the need 


PRS Tes TES 


* Generator may be placed here if galvanic anode is not used. 


Figure 3—Long structure showing currents from buried anode entering structure. All oxygen attack is at anode, 
Structure is entirely protected by hydrogen. 
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but also in the balancing of first 
costs versus recurring expenses. 


Rags and Tatters 
Our buried structure can be pro- 
tected also with special enamels or 
coatings. But only during the last 
few years have we learned how to 
apply these properly. There’s many 
a mile (and acre) of structure with 
defective coatings; and these may 
be worse than none because such 
defects act to focus corrosion and 
localize pitting. What are we to do 
about them? The cold sod is a poor 
ind expensive place in which to ap- 
ply new coatings, anyhow. Thus, if 
our structure’s present coat is tat- 
tered, cathodic protection may pro- 

vide safety with economy. 


They Hide the Body 

When installing new metal struc- 
tures, many shrewd operators know 
that a modern enamel coating, prop- 
erly applied, plus some cathodic pro- 
tection is best economy in the long 
run. They never can infallibly pre- 
dict the soil action along a new 
route, and they know it costs about 
five times as much to later dig up, 
clean, repair and coat a line than to 
coat it right in the first place. They 
know also that a bare metal struc- 
ture must be extra thick to allow for 
corrosion pitting, and that this extra 
metal costs about as much as a good 
coating. But even the best of coat- 
ings may develop defects (either 
while being buried or later); so a 
light supply of hydrogen should be 
on guard to fill the holes. Thus some 
cathodic protection is good insur- 
ance even on a newly-coated line. 


At the Crossroads 
It looks as if that should end our 
troubles, but no. For better or worse, 
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every current must flow back to its 
source. If a neighbor’s metal struc- 
ture is adjacent, or if it crosses but 
does not touch ours, and it is within 
the field of the currents flowing from 
our protective anodes to our struc- 
ture, some of the generated current 
may possibly “stray” into his struc- 
ture (which provides a low-resist- 
ance path) and flow through it to 
the point nearest ours. There the 
current must leave his structure to 
jump through the soil back into 
ours and return to its source. We 
saw before that chemical attack on 
metal will cause current flow. Well, 
it also works in reverse! Where our 
stray current leaves his structure to 
enter the soil, it may cause chemi- 
cal attack or local corrosion. This 
action is called “electrolysis.” 


Out of the Pit 

Electrolysis can be as bad as true 
soil corrosion -because, with either 
one, a current flow of one ampere in 
a year will destroy 20 pounds of 
steel or iron, or 75 pounds of lead. 
And both usually focus to cause pit- 
holes which soon pierce our struc- 
ture. Electrolysis can be avoided by 
connecting a resistant wire or 
“bond” between the two structures to 
drain the returning stray current 
from the adjacent structure into the 
protected one. This “drainage bond” 
must be well-designed, however, be- 
cause too little drainage will not 
the interference, while too 
much will give our neighbor real 
cathodic protection at our expense. 
We want to be friends, don’t we— 
but not philanthropists! It was said 
above that a good coating reduces 
the current needed to cathodically 
protect our structure. The lesser cur- 


stop 
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rent, in turn, reduces the chance for 
electrolysis to occur! 


City Slickers 

Strong stray currents from elec- 
tric railway tracks have long caused 
electrolysis of other buried struc- 
tures in cities. Several competent 
local committees have worked for 
years to minimize this action. How- 
ever, with the steady conversion by 
transit companies to motor-bus and 
double-trolley coach service, that 
trouble is abating through removal 
of its cause. Conversely, true soil 
corrosion is spreading in cities be- 
cause removal of the stray currents 
allows the weaker currents of 
Nature’s batteries to flow unopposed. 
Thus city operators, too, must in- 
crease their interest in cathodic pro- 
tection. 


The Denouement 

If we want to use cathodic pro- 
tection, we can ill-afford to interfere 
with neighboring structures by elec- 
trolysis. Yes, and our neighbors can 
ill-afford to have this done. But 
decorum tells us that our corrosion 
engineer should not trespass the 
other structures—even to make the 
tests needed to design the drainage 
honds. However, if our neighbors 
»Iso are acquainted with the problem 
ond will cooperate for the common 
eood, they will welcome the tests, 
the technical details can be readily 
‘vorked out, the bonds can be in- 
stalled and all structures will be 
benefited. 

Often we may want to install ca- 
thodic protection where a neighbor's 
structure parallels ours for quite a 
‘stance. Then his structure will ab- 
sorb much of our precious current 
several drainage bonds 


and need 


merely to prevent interference. Here 


we often can save money by induc- 
ing him to install cathodic protec- 
tion, too. And why not, if his struc- 
ture lies in the same corrosive soils? 
Several large companies have in- 
stalled many protection units 
jointly. Capital as well as operating 
expenses are shared equitably, and 
with mutual satisfaction. Here, 
again, acquaintance with the general 
problem at the management level 
aids the engineers to work for maxi- 
mum protection and economy. Such 
results help the customers, and 
please the stockholders. 


Summing It Up 

As the curtain drops on our show, 
we can take stock. Does cathodic 
protection work simply? In essence, 
yes; we just get a current source or 
anode and spray on a little hydro- 
gen. Is its value great? Why not—if 
it stops corrosion. Does it need a 
special kind of cooperation? It 
doesn’t if we are all acquainted with 
its problems and will follow the 
Golden Rule. But what about its 
tangible economy? If you are not 
already sold, a good corrosion engi 
neer probably can prescribe it for 
your own structures and soon con- 
vince you of its economy. But to 
stress My main point, you can see 
that cooperation with others in ca 
thodic protection is good business. 

The problems of cathodic protec 
tion aren't really as simple as I’ve 
made them seem. Their solutions call 
for data, science and experience 
mixed with plenty of plain horse 
sense. But our corrosion engineers 
will work them out for us and there 
by lessen industry’s heavy losses 
from the extent 
that we afford them the opportunity 
and lend our sympathetic support! 


soil corrosion to 





Technical Committee Is Formed to Study Anodes 


For Use With Impressed Current 


NEW technical committee, to 

be known as the “Anodes for 
Use With Impressed Current,” has 
been formed for purpose of making 
field tests on various anode mate- 
rials. Donald H. Bond, The Texas 
Pipe Line Co., Houston, Texas, was 
named chairman of the new commit- 
tee, with membership as follows: 

W. A. Broome, Louisiana Arkan- 
sas Gas Co., Shreveport, La. 

Lee N. Spinks, United Gas Pipe 
Line Co., Shreveport, La. 

J. P. Oliver, National Carbon Co., 
Cleveland, Ohio. 

Derk Holsteyn, Shell Oil Co., Inc., 
Houston, Texas. 

O. C. Roddey, Interstate Natural 
Gas Co., Monroe, La. 

R. D. McClintock, Colorado Inter- 
state Gas Co., Colorado Springs, 
Colo. 

A. W. Peabody, Ebasco Services, 
Inc., New York, N. Y. 

The ground work for the new 

committee was laid last January, 


when, at a meeting held in the offices 
of G. R. Olson, United Gas Pipe 
Line Co., Shreveport, La., plans for 
a group to conduct field tests on 
carbon and graphite anodes were 
discussed and formulated. A tem- 
porary committee was named, with 
the hope that National Association 
of Corrosion Engineers would see 
fit later to appoint a permanent com- 
mittee. At the April conference, 
NACE accepted the entire group of 
temporary committeemen, and Mr. 
Peabody was added. 

At the January meeting, the Na- 
tional Carbon Co., which had been 
conducting laboratory tests on car- 
bon and graphite anodes, volun- 
teered to furnish the necessary ma- 
terials to those companies offering 
to codperate in the tests. Tests were 
to be run on different size anodes 
using various backfills, including 
backfills treated with sodium chlo- 
ride. The test combinations proposed 
then are as follows: 
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Proposed Ground Anode Field Test 
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Ground Bed No. 1 


Carbon—Natural Soil 
Graphite—Natural Soil 
Iron Pipe—Natural Soil. 


Ground Bed No. 2 Graphite—Coke Breeze. 


Graphite—Graphite. . 


Ground Bed No. 3 
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Graphite—Graphite 


Iron Pipe—Coke Breeze. 
Graphite—Natural Soil 


Ground Bed No. 4) Graphite—C oke Breeze. 


Carbon—Coke Breeze. . 
Graphite—Gy psum 


TYPE INSTALLATION 


Graphite—Graphite/L ime 
Iron Pipe—Coke Breeze Se 


Graphite—Coke Breeze ai and Lime. . 


Short Graphite—Coke Breeze. 
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Ground Bed No. 5 
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Graphite—Salt and ‘Natural Soil. 

Graphite—Salt and Bentonite 

Graphite—Salt and Coke Breeze..................0000. 
Graphite—Coke Breeze and Bentonite 
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The following limiting conditions 
were proposed for the various tests: 
1) Current density: 
Maximum value not to exceed 
4 amperes for 4” x 80” rod, and 
2 amperes for 2” x 80” rod. 
Diameter of hole used: 
Three times diameter of rod. 
Spacing: 
15 feet on centers. 


North East Meeting 


HE technical program for the North 
East Regional meeting of NACE, to be 
held June 9 in Pittsburgh, is as follows: 


AFTERNOON 

The Behavior of Hydrogen in Steel Dur- 
ing and After Immersion in Acid, L. S. 
Darken, Research Laboratory, U. S. Steel 
Corp., Kearny, N. J. 

The Effect of Hydrogen Generated by 
Corrosion of Steel, M. E. Holmberg, Engi- 
neering Department, Phillips Petroleum 
Co., Bartlesville, Okla. 


EVENING 
The Effect of Carbide Structure on the 
Corrosion Resistance of Steel, F. A. Prange, 
Engineering Department, Phillips Petro- 
leum Co., Bartlesville, Okla. 





Offers were made to make instal- 
lations as follows: 
Company No. of Anodes 
1) Louisiana-Arkansas Gas Co. 
(Mr. Broome) 16-2” anodes 
2) Interstate Natural Gas Co. 
(Mr. Roddey) 16-2” anodes 
3) The Texas Pipe Line Co. 
(Mr. Bond) Complete Test 
The total number of anodes re- 
quired for the above tests were all 
that were available at the time. It 
is expected that additional tests may 
be arranged later, in order to include 
a variety of soil and moisture condi- 
tions. It was also advanced during 
the January meeting, that the then 
scheduled tests would not be com- 
plete and sufficient for the purpose 
intended, but would be at least of 
great value in planning future in- 
vestigations. It is expected that 
various new ideas and suggestions 
will be forthcoming from many in- 
terested parties, which may be 
incorporated as soon as_ suitable 
arrangements can be effected. A re- 
port will be made by Mr. Bond next 
month. 





LaQue Will Represent NACE at Paris Corrosion Congress 


L. LaQUE, International 
Nickel Co., New York and Vice 
President of the National Associa- 
tion of Corrosion Engineers, has been 
selected to represent the Association 
at the Corrosion Congress, to be held 
in October of this year in Paris, 
France. It is understood that one of 
the purposes of a representative at 
the Corrosion Congress is to codper- 
ate with the French in assisting 
them to secure that information on 
research and development in the 
field of corrosion which they missed 


during the past years, when practi- 
cally all of France was out of touch 
with the outside world, and had been 
unable to keep informed on scientific 
and technical developments. It is 
also understood that NACE will 
codperate, providing there does not 
develop some presently unknown in- 
ternational limitation or complica- 
tion. The matter is now under in- 
vestigation by the Policy and Plan- 
ning Committee, who will advise 
Mr. LaQue on steps to be taken as 
representative of the Association 
during the Corrosion Congress. 


New Technical Committee 


T THE PRESENT TIME there are three technical committees in the National Association of 
Corrosion Engineers. These are committees on: 


1. Condensate Well Corrosion. 


2. Galvanic Anodes for Cathodic Protection. 


3. Anodes for Use with Impressed Current. 


It is planned to initiate a fourth committee on Minimum Current Requirements for Cathodic 


Protection in the near future. 


There have been suggestions that committees should be set up to investigate the following: 


A. Sand Packs for Preventing Underground Corrosion. 
B. Selections of Materials for Grounding Purposes at Generating Plants and Sub-Stations. 


C. Organic Coatings for Oil Field Equipment. 


D. Selection of Materials for Gaskets, Packing and Insulation. 


E. High Temperature Corrosion. 
F. Corrosion by Industrial Waters. 


Before attempting to initiate new committee work, it is desirable to learn whether there is 
sufficient interest in the problem so that the new committee is justified. Therefore, it is 
requested that all members interested in any of the topics listed under A to F above write the 
Chairman of the Technical Practices Committee expressing their interest. If any member wishes 
to have some additional corrosion or protection problem studied by a technical committee, he 


should also make this suggestion. 


This is your chance to make certain that our Society takes steps to study your problems, Take 
advantage of it by sending your suggestions to the Technical Practices Committee. 


(Signed) 


R. B. Mears,* Chairman 


Technical Practices Committee. 


* Address: Research Laboratory, Carnegie-Illinois Steel Corp., 210 Semple St., Pittsburgh, Pa. 
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President G. R. Olson presides over Board of Directors meeting, held April 10, 1947 in Chicago. Seated 

from left to right around table are: Robert Pope, Ivy M. Parker, V. M. Jenkins, H. M. Trueblood, 

Treasurer O. C. Mudd, H. J. McDonald, F. J. McElhatton, A. Smith, Jr., F, L. Goldsby, H. B. Britton, 

E. L. Rolfs, L. F. Scherer, L, A. Baldwin, T. L. Holcombe, Executive Secretary A. B. Campbell, President 
Olson, and Vice President F. L. LaQue. 


Members in the Shreveport, La., 
area have petitioned, through the 
South Central Regional Director of 
National Association of Corrosion 
Engineers, L. F. Scherer, The Texas 
Pipe Line Co., Houston, Texas, for 
recognition as a section. 

At the April 6 Board of Directors 
meeting, it was ruled that the names 
of five Regional Divisions of the 
parent Association will be as fol- 
lows: 

North East 
South Central 
South East 
North Central 
Western. 


Fred L. Goldsby, Chicago Bridge 
& Iron Works, Chicago, has taken 
over the duties of chairman of the 
General Committee for the 1948 
NACE Conference and Exhibition, 
to be held at the Jefferson Hotel in 
St. Louis April 5 through 8. Mr. 
Goldsby is now selecting his various 
committeemen. 


Mars G. Fontana, the Ohio State 
University, Columbus, Ohio, is han- 
dling the chairmanship of the Tech- 
nical Program Committee for the 
1948 Conference, and will arrange 
for speakers and papers for the 


various symposia. 





General Interest 


‘ 


Another forward stride in the oil 
industry’s program to conserve 
natural gas was made in the South 
Texas area when_ construction 
started on the Tomoconnor Nat- 
ural Gasoline Plant some 15 miles 
northeast of Refugio. The plant 
is being built jointly by Humble 
Oil & Refining Co., and Quintana 
Gas Co., at a cost of approximately 
$3 millions. The plant is scheduled 
for completion this fall. Plans call 
for the installation of stripping 
equipment to handle a maximum of 
35 million cubic feet of casinghead 
gas a day and compression equip- 
ment for between 25 and 30 million 
cubic feet a day. Most of the gas is 
being flared at the present. 

Niagara Hudson [Power Corp., 
Syracuse, N. Y., has set plans for a 
five-year $100 million improvement 
program which will spread out over 
the next five years and bring about 
extension and improvement of the 
company’s service through New 
York State. Expenditure will be 
made for additional power-generat- 
ing stations and transformers, for 
extension of rural electric lines and 


extensions to the company’s stéam 
stations in Buffalo and Oswego. 
Johns-Manville Corp., New York, 


purchased the Goetze Gasket & 
Packing Co., Inc.. New Brunswick, 
N. J., manufacturer of metallic gas- 


kets. The product will be produced 
as formerly under the Goetze name. 

E. I. du Pont de Nemours & Co. 
has C.P.A. approval for $100,000 re- 
modeling project for its laboratory 
at Flint, Mich. 

Electro Rust-Proofing Corpora- 
tion, Belleville, New Jersey, has an- 
nounced the appointment of Mr. 
Frank P. Macdonald as sales man- 
ager. Mr. Macdonald will make his 
headquarters in the Wallace & Tier- 
nan building at 1229 West Washing- 
ton Boulevard, Chicago. Mr. Mac- 
donald has been with Electro Rust- 
Proofing for a number of years and 
has had wide experience in the field 
of cathodic protection. His appoint- 
ment is part of the company’s plan 
for expanded application of cathodic 
treatment in combating rust and 
corrosion in water storage tanks and 
other structures. 


HE NEWS SECTION was primarily 

incorporated in Corrosion to provide a 
record of the current activities of members 
of the Association, and to convey informa- 
tion of interest and value to members. 
All members are invited (in fact urged) to 
send releases, or letters, informing the 
editors of changes in positions, promotions, 
achievements, or other news items. All ma- 
terial should be forwarded to the Editor 
of Corrosion, 905 Southern Standard Build- 
ing, 711 Main Street, Houston 2, Texas. 





The Challenge to the Corrosion Engineer 


NE OF THE highlights of the 

NACE 1947 Chicago conference 
was the address on the subject, “A 
Challenge to the Corrosion Engi- 
neer,” by H. H. Anderson, Vice 
President of Shell Pipe Line Corpo- 
ration, Houston, Texas. Directing it 
to all corrosion engineers but par- 
ticularly to those working with ca- 
thodic protection, the speaker 
phrased the challenge in three parts: 


Three Parts of Challenge Outlined 
1) To harmonize apparent confu- 
sion amongst corrosion engi- 
neers by 
a) reducing techniques to com- 
mon denominators, and 
b) by reconciling differences of 
opinion as to corrosion and 
protection mechanisms; 
To collect, compile and dis- 
seminate available experience 
and cost data needed to prove 
that corrosion prevention is 
good economy; and 
To more effectively sell man- 
agement on the value of corro- 
sion engineers’ service through 
the force of the “economic mo- 
tive” applied with the power of 
simple explanation. 

As to the first problem, the 
speaker quoted the example given 
by Dr. Logan in Bureau of Mines 
Circular 450, on Page 260, of the 
widely divergent results in the tests 
for protective current requirements 


by the three accepted criteria—the 
null method, the pipe-to-soil poten- 
tial method and the current-density 
method. He mentioned the paper 
presented April 10th describing the 
new continuous-polarity method,* 
and expressed hope that this might 
help to harmonize the others. 

Further as to the first problem, 
the speaker quoted conflicting opin- 
ions written concerning the protec- 
tive mechanism in cathodic protec- 
tion. The shielding of the buried 
metal from the attack of soil mois- 
ture was attributed by one author to 
a film of hydrogen whereas another 
attributed it to an oxide film. Mr. 
Anderson proposed that the termin- 
ology of cathodic protection should 
be carefully standardized by the 
NACE as a step towards harmoniz- 
ing such apparent conflicts of vari- 
ous test results and expressions of 
opinions. 


Dearth of Concise Cost Data 

As to the second problem, he 
spoke of the dearth of local experi- 
ence and concise cost data concern- 
ing not only leaks, commodity losses 
and other damages but also the re- 
sultant repair and preventive jobs 
—the latter so necessary to prove 
the dollar pay-out of preventive 
measures. He attributed this dearth 
to the newness of some plants, al- 
though in many older plants he said 


*“The Determination of Pipe Protection by the 
Continuous Polarity Method,’ Wm. E. Huddleston, 
will be reproduced in the July edition of Corrosion. 
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there probably has been a failure to 
properly record past experience. As 
a means of assisting all engineers in 
this respect, Mr. Anderson proposed 
that the NACE should collect, com- 
pile and issue all available (and re- 
liable) data of this type. 

As to the third problem—selling 
the boss—he pointed out that the 
problem is not unique with corrosion 
engineers, and is a personal one. He 
indicated that those engineers who 
have no trouble selling the boss are 
hardly,aware that a problem exists; 
however, those who have difficulty 
overlook that it is often due to per- 
sonal shortcomings. It stems, he as- 
serted, from a failure of engineers to 
recognize in hard-headed business 
that making money is really more 
important than advancing science— 
unless .that science will pay divi- 
dends. It is aggravated, he said, by 
a lack of facility in oral and written 
self-expression which prevents en- 
gineers from presenting their pro- 
posals to the boss in such a manner 
that they can be readily understood. 

To quote Mr. Anderson in this last 
respect: “Some printed corrosion 
articles are written in a clumsy or 
complicated manner that confuses 
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the reader if not the writer, and I'll 
bet much of the stuff written for the 
boss is just as bad. That’s why the 
boss isn’t sold. If he has the patience 
to read it he probably can’t under- 
stand it. Writing or talking in such 
fashion is an engineer’s worst pro- 
fessional handicap. To those who 
have that habit, I strongly urge the 
purchase and reading of two booksj, 
both of which to all of you will prove 
as fascinating as they are instruc- 
tive.” 

Mr. Anderson closed his address 
3illion-Dollar Side- 


Show.” This is a short article pre- 


by reading “Our 


pared by him and aimed to present 
simply to top management the story 
of Cathodic Protection. It stressed 
the benefits to industry, to be de- 
rived from an understanding of its 
general principles by operating ex- 
ecutives, who must sympathetically 
support their corrosion engineers 
who are endeavoring to apply it. 

t*Technical Writing,’ by T. A. Rickard, 3rd Ed., 
1944, John Wiley & Sons, New York. 

“The Art of Plain Talk,’ by Rudolph Flesch, 
3rd Ed., 1946, Harper & Bros., New York. 

tReproduced in full in this edition of Corrosion, 
starting on page 2 of the News Section. 


Lead Industries Association Elects Officers 


N THE annual meeting of the Lead Industries Association on May 9 at the Waldorf- 
Astoria Hotel, New York, Robert Lindley Ziegfeld was elected Acting Secretary and 
Treasurer. K. C. Brownell, Executive Vice President of American Smelting and Refining Co., 
was elected Vice President, member of the Executive Committee and Board of Directors. 
D. N. Burruss, Jr., General Manager of Metals Refining Co., was elected to the Board. of 
Directors. All other officers and directors were re-elected. 





Salt As a Medium of Corrosion of Telephone Cables 


By A .G. ANDREWS, Cable Testing Supervisor 
Michigan Bell Telenhone Co., Detroit, Mich. 


N AREAS served by grounded 

direct current electric railways, it 
is necessary to provide electrical drain- 
age for underground cables, to protect 
them from anodic corrosion. It has 
been shown that such electrical drain- 
age increases the current in the earth 
from the rails to the cables. The col- 
lection of current is not usually det- 
rimental to the cables, but the action 
of this current upon salt (NaCl) in 
the earth may cause sodium hydrox- 
ide to be formed at the cables, result- 
ing in corrosion from chemical at- 
tack. However, the solubility of 
sodium hydroxide provides a means 
of limiting such corrosive attacks 
by flushing the ducts with water to 
remove the alkali. 

Deposits of various kinds are fre- 
quently found on cables and in man- 
holes. Determination of the corro- 
sive qualities of such deposits is not 
usually possible from inspection, and 
simple chemical tests are used. 

Investigation of the alkaline con- 
tent of telephone conduit adjacent 
to rail switches is being made in an 
effort to predetermine locations 
where cables are subject to corrosion 
and failure. 
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The author is in charge of cable 
protection maintenance in the Cable 
Testing Bureau of the Michigan Bell 
Telephone Co. He was born in 
Cleveland, Ohio, Oct. 3, 1888, edu- 
cated in Cleveland public schools and 
received a B.E.E. degree from the 
Ohio State University. After gradu- 
ating, he joined the Michigan Bell 
Telephone Company and has since 
devoted his time to the investigation 
of corrosion problems and the appli- 
cation of corrective measures. 

Mr. Andrews is a member of the 
Detroit Committee on Electrolysis, 
and served as its chairman during 
the years 1943 and 1944. 





Statistical Analysis of Test Containers 
for Condensate Well Corrosion Studies 


By V. V. KENDALL 
National Tube Company, Pittsburgh, Pa. 


HE HISTORY of the high- 


pressure gas corrosion problem 


in gas condensate wells is quite 
short. First discovered in the Ope- 
lika, Texas, field in 1942, it was at 
first considered a iocal phenomenon. 
Investigation, however, proved this 
type of corrosion widespread, and 


greatly effecting the economics of 
the entire gas industry. 

Under. way for well over a year, 
the study of condensate well corro- 
sion by a special committee by the 
National Association of Corrosion 
Engineers, has standardized the 
types and sizes of specimens of vari- 
ous materials to be inserted in the 
flow strings of these wells to de- 
termine resistance to the special, 
highly corrosive conditions encount- 
ered in this type of production. 

For testing materials, two types 
of specimens and containers were 
designed. The washer-type specimen 
consisted of 14-gauge mild steel 
plates, 1.5-inches wide x 4.4-inches 
long, with a square hole stamped in 
the center to fit closely on a %-inch 
square steel bar. These specimens 
were placed at right angles to each 
other on the bar and separated from 
each other and from the bar by 
proper insulation. The container was 
ten feet long’ and contained 129 
specimens, The cylinder-type speci- 
men fitted snugly in the pipe con- 
tainer so that the inside wall of the 
specimen was on a line with the in- 
side wall of the gas flow-line. These 
specimens were cylinders, two inches 


long, of seamless tubing with an in- 
side diameter of 1.510 inches and 
were separated from each other and 
from the pipe wall by proper insula- 
tion. This container was six feet long 
and contained 30 specimens. 

Before proceeding with the test- 
ing of the various materials, it was 
deemed advisable to determine the 
variability due to the type of test 
specimen and the number of repli- 
cates of each material that should 
be used. Therefore, for the first trial 
period of 90 days, the specimens 
tested in each container were all of 
the same steel. 

A statistical analysis of the result- 
ant data was made with the follow- 
ing conclusions: 

1) The standard error for 124 
specimens in the washer test was 
plus or minus 17 percent of the 
mean. Four specimens each of 32 
materials can be tested with an ex- 
pected error of 8.64 percent. 

2) The corrosion rate decreases 
from the gas inlet to the gas outlet 
end of the washer container, the 
equation for which has been calcu- 
lated. 

3) The standard error for 30 
specimens in the cylinder test was 
3.95 percent of the mean. By using 
blank specimens in the No. 1 and 
No. 2 positions, thereby removing 
the turbulence effect at the inlet and 
in the gas flow due to the flange, 
two specimens each of 14 materials 
can be tested with an expected error 
of 2 percent. 

4) There is no significant change 
in corrosion rate from one end of 
the cylinder container to the other. 
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ATMOSPHERIC CORROSION 


Protection of Lighting Fittings 
against Weathering and Corrosion. 
W. E. Harper anv C. A. Morton, 
GEC J, 14, 111-120 (1946) Aug. 

Nature of atmospheric corrosion, 
protection (choice of materials) ; de- 
sign; finishing; maintenance. Refer- 
ences to various non-ferrous metals 
and alloys —BNF. 


Corrosion Resistance of Magne- 
sium and Certain of Its Alloys Under 
Various Accelerated Atmospheric 
Conditions. R. R. Rocers, D. A. Tetu, 
AND H. LivinGsTone. Electrochem, 
Soc., Preprint 90-125 (1946). 

Investigation to determine the 
corrosion resistance of commercially 
pure magnesium and of the magnes- 
ium alloys AZ31X, AZ61X, and M-1, 
by the use of accelerated tests. The 
conditions represented in the tests 
were inland indoor atmosphere, in- 
land outdoor atmospheric, and ma- 
rine atmospheric. Experimental re- 
sults indicate good resistance to cor- 
rosion under the third condition. It 
is pointed out that most metals 
should resist marine atmospheric 
conditions satisfactorily when prop- 
erly protected with paint.—BLR. 


BOILER CORROSION 


Inhibition of Corrosion. Measures 
for Indirect Fuel Saving. W. F. Ger- 
RARD, Chem. Age, 55, 525-30 (1946) 
Nov. 2. 

It is suggested that corrosion may 
be more expensive than boiler scale 
with respect to its being the cause 
for replacement of damaged equip- 
ment. The mechanisms of corrosion 
and principal methods of preventing 
corrosion, such as protective coat- 
ings, de-aeration and elimination of 
corrosive impurities, colloidal pre- 
ventives and sacrificial anodes, are 
discussed briefly. 


A Study of the Corrosion of Cop- 
per Alloy Condenser Tubes. N. W. 
MitcHELt, Chase Brass & Copper Co., 
Paper, ASME, Tulsa (Oct. 7-9, 
1946) ; Abstr. Pet. Proc. 1, 176 (1946) 
Nov. 

The principal primary causes of 
corrosion are reviewed, to point out 
that most copper alloys in refinery 
and natural gasoline plant service 
fail by stress-corrosion cracking, cor- 
rosion fatigue, and impingement cor- 
rosion. Visible results of corrosion 
are described. A table included in 
the abstract gives hitherto unpub- 
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lished data secured from extensive 
corrosion tests indicating compara- 
tive resistance to attack by sulfur 
and water of the following copper 
alloys: antimonial admiralty, admi- 
ralty, red brass, 20 percent and 30 
percent cupro nickel, aluminum 
brass, Muntz metal, and copper. 


Thermal De-Gassing of Boiler 
Feed-Water. J. TEyssLer, Strojnicky 
Obzor, 26, No. %, 9-12-+ (1946) 
illustrations; Engrs. Digest, 3, 10, 
513-516 (1946) Oct. 

The principle of thermal de-gas- 
sing equipment and aapplication to 
help prevent corrosion in boiler feed- 
water are described.—INCO. 


Corrosion of Plant Equipment by 
Steam and Water.—II. R. C. ULMer, 
Power Plant Eng., 50, No. 11, 90-2 
(1946) Nov. 

Peculiarities of corrosion affecting 
steam lines, feed pumps, heaters and 
economizers. Pure feedwaters cause 
more corrosion in feed lines than 
those containing dissolved solids. A 
chart is given of the relative change 
in pH value with change in tempera- 
ture of pure water. Excessive veloci- 
ties in feed pipes tend to aggravate 
corrosion. Feed pump failures are re- 
sult of a combination of chemical 
and mechanical factors. Corrosive 
‘actors differ in open and closed type 
heaters. Leakage and galvanic action 
around economizer handhole caps 
need careful attention. The use of 
proper material and corrective water 
treatment are the best possible safe- 
guards against corrosion.—CEC. 


Corrosion in Vertical Turbine 
Pumps. T. E. Larson, Power Plant 
Eng., 50, No. 9, 80-81 + (1946) Sept. 

Galvanic action, carbon dioxide re- 
action, effect of stray currents, wa- 


ter-line corrosion from concentration 
cells, and deposits of iron oxide and 
calcium carbonate on various deep- 
well pump parts, are the types of 
corrosion commonly met in vertical 
turbine pumps used in municipal and 
industrial water-pumping plants in 
Illinois. Charts show the effect of 
yater quality on galvanic action, and 
general corrosion resulting from con- 
tact of mineralized water with steel 
or cast iron, and the history of pump 
replacements in seven wells used by 
a concern whose property is overrun 
by stray currents from operating ma- 
chinery. Pump parts vulnerable to 
corrosive attack of carbon dioxide 
are listed; and protective coatings 
enumerated. Use of acid for remov- 
ing deposits in pumps is explained. 
Schemes for meeting recession of 
water levels are also outlined. 


CATHODIC PROTECTION 

Protecting Oil Storage Tank Bot- 
toms with Magnesium. J. R. JAMeEs 
AND R. L. FEATHERLY, Dow Chem. Co., 
Paper, AIME, Galveston, (Oct. 3-5, 
1946); Abstr. Oil & Gas J. 45, 22, 
88-9 (1946) Oct. 5. 

Cathodic protection of buried 
metal structures i.e., tank bottoms 
and pipelines, by employing magne- 
sium anodes is explained and illus- 
trated by the case history of such 
an installation on Republic Pipe Line 
Co.’s Corpus Christi 150,000 barrel 
oil storage tank farm, which in- 
creased the entire installation life ex- 
pectancy by approximately four to 
eight years. (Previous’ life expect- 
ancy of one of its 55,000-barrel tanks 
was seven to eight years). Curves show 
tank-to-soil potentials before and 
after installation of anodes on a 20,- 
000-barrel tank. Full details are 
given. 
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Corrosion of Underground Struc- 
tures in Gas Plants. C. F. Mayer- 
HERM, Gas World, 125, 236-268 
(1946); Chem. Abs., 40, 7141-7142 
(1946). 

In a typical gas-works corrosion 
situation, after any existing stray 
current effects have been eliminated 
or minimized it should be possible 
to obtain substantial further reduc- 
tion in corrosion trouble through op- 
eration of a suitable cathodic pro- 
tection system.—INCO. 


Some Experiences with the Pro- 
tection of Bare Pipe Lines Using 
Zinc. F. A. Brownie, Gas Age, 98 
19-21 (1946) Nov. 28. 

The use of zinc anodes for the 
protection of the pipe lines of the 
Canadian Western Natural Gas, 
Light, Heat, and Power Co., Ltd., 
and Northwestern Utilities, Ltd., is 
described. Costs are tabulated and 
effectiveness is discussed.—GPC. 


Cathodic Protection. C. H. Mc- 
Raven, Texas Pipe Line Co., Paper, 
Texas College of Arts & Industries. 
(Oct. 28, 1946), Corr. 2, 320-9 (1946) 
Dec. 

The theory of cathodic protection 
in preventing corrosion is discussed 
and some of the basic laws govern- 
ing the flow of current in the net- 
works encountered in its application 
are reviewed. 


Magnesium Anodes for the Cath- 
odic Protection of Underground 
Structures. H. A. Ropinson, Corr. 2, 
199-218 (1946) Oct. 

Gives details of research program. 
Outlines a program of experimental 
field work to determine how magne- 
sium would perform as a sacrificial 
anode, and to evaluate what advan- 


tages it might offer for the practice 
of cathodic protection. Six percent 
aluminum-3 percent zinc magnesium 
anodes are recommended for certain 
electrical conditions. Laboratory and 
field results tend to approach each 
other as improvements indicated by 
the former are incorporated in the 
latter.—BLR. 


Metal Rectifier Developments— 
Possible Applications of Titanium 
Dioxide. H. K. Heniscu, Electronic 
Eng. 18, 313-314+ (1946) Oct. 

Discusses desired improvements 
in dry plate rectifiers: operation at 
100° C. without great loss of effici 
ency or life, and high-voltage, low 
current rectifiers of small size. Out- 
lines work which has been done 01 
selenium and germanium rectifiers 
Explains how blue modification of 
titanium dioxide can be produced 
and explains why this materia! 
should be suitable for rectifiers. Out 
lines problems which must be solved 
in order to produce titanium dioxide 
rectifiers —BLR. 


CHEMICAL CORROSION 


Corrosion Resistant Metal- 
Covered Rolls. H. R. StTroHEcKER, 
Youngstown Weld. & Eng. Co., 
Paper before Tappi, Ann. Mtg 
N.Y.C., (Feb., 1946); Paper Tr. J., 
123, 11, 54 (1946) Sept. 12. 

A brief description is given of the 
method of manufacture of metal cov 
ered rolls and their application in the 
paper industry. Covers are of Monel, 
nickel, stainless steels, Inconel, or 
any other metal which can be satis 
factorily welded, and is available in 
the form of rolled sheet or plate. 
They are homogeneous sheets of 
metal which will wear and resist 
corrosion. For applications where 
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pressures are high, such as calender- 
stacks, it has been found that the 
available corrosion resistant alloys 
are too soft to withstand ,high unit 
pressures. In such an application the 
cover is cold rolled or stretched so 
that it becomes loose and _ useless. 
Development work with age harden- 
ing cover materials is now under 
way and covered rolls which will 
have much greater surface hardness 
and be applicable to higher pressure 
installations are being developed. 
The first of these rolls covered with 
“K” Monel is giving excellent serv- 
ice in an ink mill. A Monel covered 
chemical flaker has been in continu- 
ous service for eight years. It re- 
places a cast iron roll which required 
refinishing every ninety days. 


—INCO. 


Causes of the Serious Corrosion 
of Lead in an Intensive System sul- 
phuric Acid Plant. K. Wickert, 
Chem. Zeit., 64, 411-413 (1940); 
Chem. Zentr., 112, 1, 1734 (1941); 
J. Inst. of Met. & Metall. Abs., 18, 
296 (1946) Aug. 

The extensive destruction of the 
lead was characterized by deeply 
corroded drop-form cavities. The 
lead so destroyed was of standard 
quality; the bismuth content was 
less than the permissible limit. The 
corrosion was found to be due to 
chlorine, the action of which was 
further intensified by the formation 
of nitrogen-oxychloride in the pres- 
ence of nitric acid. Sulphur dioxide 
retarded the corrosion of the lead by 
chlorine and nitrogen-oxychloride. 
The chlorine came from the tap- 
water in the system.—INCO. 


Corrosion Studies on Lead Alloys. 
K. Wickert, Korros. und Metalls- 
chutz, 18, 357-361 (1942); J. Inst. of 


Met. & Metall. Abs., 18, 296 (1946) 
Aug. 

A series of lead alloys was studied 
for employment in intensive-systems 
sulphuric acid plants. A method of 
test with “mixed acid” at 90° C. ina 
sealed tube gave results in agree- 
ment with service experience. Silver 
was the only alloy addition that im- 
proved the behavior of lead in this 
test. Silver and also nickel and cop- 
per are stated to improve alloyed 
leads by neutralizing the effects of 
deleterious constituents. Action of 
concentrate hydrochloric acid and of 
sulphuric acid at 90° C. on the same 
lead alloys is described, as well as 
electrochemical studies of protective 
film formation —INCO. 


Contribution on the Chemical Cor- 
rosion (by Lactic Acid) of Zinc 
Alloys. K. Ruttewit, Korros und 
Metallschutz, 18, 11-12 365-368 
(1942); J. Inst. of Met. & Metall. 
Abs., 18, 297 (1946) Aug. 

Tests of various zinc alloys in one 
lactic acid solution at room temper- 
ature revealed no composition that 
could be recommended as a substi- 
tute for the materials hitherto used 
for coinage, uniform decorations, etc. 
Only a few additions improved the 
corrosion behavior in lactic acid, viz., 
mercury, cadmium, and magnesium 
and their effects were only small. Al- 
loys containing 10 percent aluminum 
and 0.1-0.5 percent silicon retained a 
bright surface in spite of a relatively 
large loss in weight.—INCO. 


Corrosion of Zinc from the View- 
point of the Battery Chemist. 
C. DrotscHMANN, Korros und Met- 
allschutz, 19, 188-197 (1943) ; Chem. 
Abs., 40, 6347 (1946). 

The influence of impurities, sur- 
face condition, and thermal pretreat- 
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ment of the zinc sheets and that of 
variations in composition of the elec- 
trolyte and of the ariode mixture 
upon the corrosion of dry cell cups 
is reviewed. Experiments are de- 
scribed confirming the well-known 
beneficial effect of amalgamation 
upon the corrosion resistance of the 


zinc.—INCO. 


COATINGS 


A New Method of Protecting 
Machines for Shipment or Storage. 
Mach., 58, 2, 154-156 (1946) Oct. 

A new method of protecting ma- 
chinery or other objects for ship- 
ment or storage consists of an initial 
spraying operation which bridges 
large openings and empty spaces 
with long web-like filaments that 
completely enclose the part being 
packaged. Subsequently, spray ap- 


plications of a new plastic, consist- 
ing of modified film-forming vinyl 


resins carried in volatile solvents, 
produce a durable, tough, flexible, 
moisture-impervious covering that 
withstands exposure to wind, rain, 
snow, and sunlight over long periods. 
This new plastic is known as “Co- 
coon.” An aluminum top coating is 
also applied by spraying. For stor- 
age requirements involving extreme 
conditions, such as extended outdoor 
storage, the top coating usually ap- 
plied is “Insul-Mastic,” a Gilsonite- 
base material that is sprayed on and 
that forms a good bond with the Co- 
coon. This material, which has been 
used as a roofing material on freight 
cars for many years, has an indicated 
life expectancy of over fifty years, 
as shown by accelerated weathering 


tests —INCO. 


Protection of Steel Hulls against 
the Destructive Action of the Sea hy 


Paint. G. DecHaAux, Peintures, Pig- 
ments, Vernis, 17, 251-60 (1942); 
Chem. Abs., 40, 6832-3 (1946). 


Hull paints compounded from lin- 
seed oil, rosin, lead-oxide, and zinc- 
oxide are hardened at the anodes and 
softened at the cathodes by exposure 
to sea water. The cathode film is dis- 
tinctly alkaline. Where the anodic 
film is plugged by iron oxide, it is 
very waterproof. A scheme covering 
12 conditions of electrochemical cor 
rosion is set up. The problem of an 
adequate hull paint should be solved 
by using suitable salt water-resist 
ant binders, not by using inhibitor 
pigments. Asphalt and bituminous 
coatings, in conjunction with an an 
tifouling coat, give excellent results; 
a copper-zine coating sprayed on 
with the Schoop gun is good but 
blisters at pH 4. A three-coat com 
bination of asphaltic primer, damar 
china wood oil-iron oxide-zine oxide 
anticorrosive coat, and antifouling 
coat, gave excellent results. Various 
tests for hull paints are given. 

Corrosion Prevention. Metals 
Rev., 19, 7, 16 (1946) July. 

Using a portion of the Golden 
Gate Bridge as the proving ground, 
a demonstration conducted here re- 
vealed a war-developed means of at- 
tacking corrosion. The demonstra- 
tion consisted in applying to the 
metal surface of the bridge, by means 
of a specially designed gun, a zinc 
coating of sufficient thickness to pro- 
tect it against the corrosive effects 
of constant salt spray. Glasproz proc- 
ess is equally designed to coat with 
lead, tin, aluminum, brass, bronze, 
copper, manganese, Monel metal, 
silicon nickel, iron, and chromium, 
and with glass and plastics.—INCO. 
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Acid Proof Coatings for Water- 
Conditioning Installations. A. P. 
MaMET, Izvest. VTI, 15, 3, 24-7 
(1946) ; Chem. Abs, 40 6721 (1946). 

Of varfous coatings of acid proof- 
ing materials tested on parts of a 
water-treating installation perchlor- 
ovinyl varnish was very effective; 
rubber chloride was still more effec- 
tive, but the supply is limited. Poly- 
chlorovinyl and its products were 
used successfully on surfaces which 
were not sharply curved. Where 
elasticity was not required a mix- 
ture of divinylacetylene polymers 
and Rubrax performed well. The 
latter alone was _ unsatisfactory. 
Ordinary enamel and automobile lac- 
quer failed. 


The Mutual Displacement of 
Metals from Vapors of Their Salts 
and the Application of These Proc- 


esses to the Protection of Metals. 
N. A. IzGarYsHEV, Izvest. Akad. Nauk 
USSR, 6, (Khim.), 673-681, (1941) 
(In Russian); J. Inst. of Met. & 
Metall. Abs., 18, 1946) Oct. 
The process of the displacement 
of chromium and aluminum from 
vapors of their chlorides has been 
studied, and also the diffusion lay- 
ers formed by these metals in iron 
and steel. The corrosion- and heat- 
resistance of parts protected by alu- 
minum and chromium is demon- 


strated.—INCO. 
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A Study of Primers for Ferrous 
Metals in an Atmospheric Exposure. 
\m. Paint J. (Convention Daily), 
31, 34-35 (1946) Nov. 6. 

Results of New England testing 
of a large number of primer formu- 
lations on cold-rolled steel panels 
and hot-rolled angle irons are pre- 
sented in a table-—BLR. 
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The Formulation of Anticorrosive 
Compositions for Ship Bottoms and 
Underwater Service on Steel. II. 
F, F. Dersy anv J. C. Hupson, Paper 
No. 18/1946 of the Corrosion Comm. 
(submitted by the Marine Corrosion 
Subcom.) ; J. Iron Steel Inst. (Lon- 
don), advance copy: 24 pp. (Aug., 
1946) ; Chem. Abs. 40, 6831-32 (1946). 

A second series of raft tests by 
the Marine Corrosion Commission on 
anticorrosive paints for underwater 
use on ship bottoms has confirmed 
and enlarged earlier results. The 
paint recommended for general use 
comprises a pigment of two parts 
basic lead sulfate and one part each 
of white lead, Burntisland red, and 
barytes bound in a modified phenol- 
formaldehyde-litho-oil medium. 
Paints in a chlorinated rubber me- 
dium give good results, but present 
technical difficulties. 


Antifouling Paints. ArtTHuuR E. 
Burns, Jr., Paint and Varnish Prod. 
Manager, 26, 285-++ (1946) Nov. 

Reviews work on antifouling 
paints and theories of their action. 
Summarizes principles and conclu- 
sions established by Navy-sponsored 
antifouling paint research during the 
past ten years. 15 ref—BLR. 


Action of Pigments in Anticorro- 
sive Paints. Paint, Oil & Chem. Re- 
view, 109, 46 (1946) Oct.; Conden- 
sation of paper by H. Wagner, 
Korros. und Metallschutz, 20, 221-224 
(1944). 

Author doubts validity of theories 
for corrosion protective action of 
zinc chromate based on assumption 
that chromate ions come into direct 
contact with the metal surface and 
react with it chemically. Advances 
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theory that beneficial influence of 
zinc chromate is the result of chemi- 
cal reaction with the binding me- 
dium which leads to the formation 
of soaps and to more resistant films. 


—BLR. 


CONSTRUCTION MATERIAL 

Plastic Tubing. Gas Age 98, 13- 
14 (1946) Dec. 26. 

Plastic tubing as a substitute for 
steel pipe during the current short- 
age in making connections between 
the company’s gas main and domes- 
tic meters has been found feasible 
by the San Diego Gas & Electric 
Co. Known as Tenite No. 11, the 
tubing is made of cellulose acetate 
butyrate, it will withstand pressures 
up to 550 psi, or more than 500 times 
the normal pressure found in domes- 
tic mains. The tubing is resistant to 
moisture, acids and alkalies and will 
not corrode. Plastic sleeve connec- 
tions are employed to join the sec- 
tions of tubing into longer runs. 


Building Materials and Structures: 
Plumbing Manual. U.S. Nat. Bur. 
Stand. Report BMS66, Nov., 1940, 
70 pp. Obtainable from Superinten- 
dent of Documents, Washington. 

Includes recommendations with 
regard to copper, brass, lead and gal- 


vanized iron and steel tubes and 
pipes; brass or bronze pipe fittings; 
joints ‘in copper tubing, joints be- 
tween lead and other piping, wiped 
joints, etc.—BNF. 


New Ceramic Combines Ceramic 
Materials and Powdered Metals. 
Parts I and II. Henry H. Hausner, 
Cer. Ind., 47, 87-88 (1946) Oct.; 47, 
90+ (1946) Nov. 

By means of new process, such 
properties as magnetism, electrical 


conductivity, heat conductivity and 
hardness can be incorporated into 
ceramic products. Discusses poten- 
tial applications and points out close 
relationship of powder metallurgical 
and ceramic processes. Describes ex- 
periments along the lines of mixing, 
compacting, and heat-treating to 
form homogeneous material; and 
combining the two types of materials 
in the forms of bonded materials. 
Preliminary experiments, the results 
of which are illustrated, indicate the 
feasibility of both types of processes. 


—BLR. 


Carbon and Graphite for Corrosion 
Resistance. C. E. Forp, Nat’l Carbon 
Co., Corr. 2,:219-33 (1946) Oct. 

The process of manufacturing car- 
bon and graphite is described briefly 
and their application as corrosion re- 
sistant structural materials for the 
process industries are discussed. 
Their use as ground anodes in cath- 
odic protection, in heat transfer 
equipment for corrosive fluids, pipes, 
valves, and towers is described. 


CORROSION TESTING 

Accelerated Corrosion Testing of 
Protective and Decorative Coatings. 
R. R. Rocers, Can. Chem. and Process 
Ind., 30, 91-94 (1946) Oct. 

Outlines factors controlling cor- 
rosion rates; describes and discusses 
the various types of corrosion test- 
ing equipment, and its applicability 
to different problems.—BLR. 


Aspects of Grease Corrosion. H. A. 
McConvitte, Gen. Elec. Co., Gen. 
Elec. Review 49, 10, 30-31 (1946) 
Oct. 

A discussion of effect of organic 
acids formed by oxidation of grease. 
In general, their presence inhibits 
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rust, rather than otherwise. Acids of 
low molecular weight (acetic or bu- 
tyric) if they are water-soluble, can 
be corrosive if present in sufficient 
quantities in presence of moisture. 
Higher molecular weight acids 
(palmitic, oleic and stearic) should 
not attack metal. Results of tests 
using copper and copper alloys are 
reported. Formation of copper soaps 
may not be undesirable and these 
may act as lubricants in gears, etc. 
The compounds formed are not crys- 
talline but amorphous. A corrosion 
test for grease is described.—INCO. 


Rusting Characteristics of Turbine 
Lubricating Oils. W. P. KUEBLER, 
Westinghouse Elec. Corp., Paper, 
ASME, Chattanooga, (April, 1946) ; 
Mech. Eng., 68, 10, 889-893 (1946) 
Oct. 

First public presentation of data 
on this by Western Electric. The his- 
tory of the rusting problem and the 
development of tests are described in 
detail. Test panels from as early as 
1937 are shown. Methods of West- 
inghouse as submitted in ASTM 
cooperative rusting tests are de- 
scribed as well as the work of the 
ASTM Committee on Turbine Oil 
(Sub-Committee XI. to Tech. 
Comm. D. of D-2).—INCO. 


Inter- and Intracrystalline Corro- 
sion and Their Causes. F. C. ALTHor, 
Z. Metallkunde, 36, 8, 177-186 (1944) 
Aug. (In German). 

Results of tests carried on at the 
Ernst Heinkel A. G. since 1934, are 
reported with tables and micro- 
graphs. Brass was exposed in mer- 
curial nitrate solution, ammonia at- 
mosphere, artificial sea water and 
ammonia water. Course of cracks 
and nature and causes of inter- and 


intracrystalline corrosion are dis- 
cussed. 25 references. Alloys Ms 55 
through 86 are covered—INCO. 


FUNDAMENTALS 


Physico-Chemical Study of the 
Decomposition of Some Solid Solu- 
tions of Aluminum. P. LAcoMBE, 
Rev. Metallurgia, 41, 6, 180-187; 7, 
217-226; 8, 259-272 (1944), (In 
French) ; Chemie et Industrie, 55, 3, 
203-204 (1946) ; Chem. & Met. Eng., 
58, 7266-4 (1946) July. 

Electrochemical study of the de- 
composition of solid solutions of 
aluminum show that the rate of cor- 
rosion depends on its crystalline and 
electrochemical nature. Thermal de- 
composition of a solid aluminum- 
magnesium solution shows that the 
anomoly toward 280° F. heat cannot 
be attributed to a change of state 
corresponding to an equilibrium dia- 
gram. The absence of reversibility 
and disappearance of that anomoly 
leads to the hypothesis of an inter- 
mediate unstable precipitated phase 
incapable of existing above a tem- 
perature of 280° F. The mechanism 
of the decomposition of solid solu- 
tions can be summed up schematic- 
ally by defining the different reac- 
tion stages as follows: unbalanced 
solid solution, balanced solid solu- 
tion, intermediate phase oriented in 
relation to the solid solution, stable 
equilibrium phase more or less re- 
lated to the multiple orientation with 
respect to the intermediate phase. 


—INCO. 


Chemistry and Morophology of 
Films in Corrosion Studies with 
Zinc. W. FEITKNECHT AND R. PETER- 
MANN, Korros. und Metallschutz, 19, 
7, 181-188 (1943) ; J. Inst. of Met. & 
Metall. Abs., 18, 297 (1946) Aug. 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


TO GIVE YOU PIPE LINE SERVICE DESIGNS AND 


BUILDS THEIR OWN EQUIPMENT 


BETTER 


Pipe protection is more than just a coating 
and wrapping operation at Pipe Line Service 
Pi e Corporation. 
As pioneers in the development of mechan- 
ical equipment for protecting pipe, PLS en- 
& ROT 5 C T i 0 = gineers realize their responsibility to the 
industry in providing pipe protection in step 
with everchanging requirements. That’s why 
Pipe Line Service designs and builds all 
their own equipment for cleaning, coating 
and wrapping pipe. Nothing is left to chance 
to give customers the kind of pipe protection 
they require. 


PIPE LINE SERVICE CORPORATION 


Pioneers in Steel Pipe Protection 
General Offices and Plant « FRANKLIN PARK, ILL. 


Plants at Glenwillard, Pa. * Longview, Texas ¢ Corpus Christi, Texas * Harvey, Lovisiana 
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The conditions for formation and 
the more important properties of 
seven forms of hydroxide and oxide 
of zinc occurring in immersed cor- 
rosion of zine are presented in tabu- 
lar form. Diagrams of the X-ray 
powder lines of these forms are also 
given for identification purposes. 
The chemical and morphological 
properties of the films are correlated 
with the corrosion velocity. Although 
local elements play an important part, 
the decisive factor for the corrosion 
velocity is not the conductivity of 
the solution, but the protective ac- 
tion of the films, which is itself a 
function of the chemical nature of 
the corrosion product.—INCO. 


Controlling Factors in the Corro- 
sion Process. N. D. Tomasnoyv, C. r. 
Acad. Sci. URSS, 52, 785-8 (1946). 

It is shown how, given the polari- 
zation curves for the corrosion proc- 
ess, to determine the ratios of the 
resistances of different corrosion 
stages and thus obtain a quantitative 


characteristic of the control of the 


corrosion under considera- 


tion. 


process 


Oxide Films Formed on Alloys at 
Moderate Temperatures. Eart A. 
GULBRANSEN, R. T, PHELPs AND J. W. 
HickMAN, Ind. Eng. Chem. (Anal. 
Ed.), 18, 640-652 (1946) Oct. 

Supplementing previous papers, 
electron microscope and electron dif- 
fraction data are presented concern- 
ing the structure of electro-chemi- 
cally and chemically stripped films 
from a series of 16 alloys consisting 
principally of iron, cobalt, nickel, 
Both reflection and 
transmission methods of electron 
diffraction were used. 17 ref—BLR. 


and chromium. 


GAS AND CONDENSATE 
WELL CORROSION 

Sodium Chromate Used in Per- 
mian Basin Drilling to Combat Salt- 
Water Corrosion. G. Weser, Oil & 
Gas J. 45, 31, 103 (1946) Dee. 7. 

Although laboratory immersion 
tests show that a sodium chromate 
concentration of 1000 ppm reduces 
corrosion of steel samples in salt- 
water muds by 94 percent, in prac 
tice the proportion used in drilling 
muds ranges from 1800 to 3000 ppm, 
and averages 2000 ppm. Most drillers 
mix 50-100 pounds of chemical to 
about 50 gallons of water in a com 
mon oil drum or chemical mix tank 
It is added slowly in the amount cal 
culated to give the desired propor 
tion, at the rate of 50 gallons pet 
hour into the flow line, either be- 
fore or after the shale shaker. At the 
average strength of 2000 ppm, so 
dium chromate costs 6 cents per foot 
drilled on most Permian basin wells 
Sodium dichromate may also be used 
in the field since it is easily reduced 
to sodium chromate by mixing with 
caustic in the proportion of 25 
pounds of caustic to 100 pounds of 
sodium dichromate. The adverse 
supply situation of sodium chromate 
is discussed briefly. 


Corrosion and Preventive 
Methods in the Katy Field. R. C. 
3UCHAN, Oil Weekly, 128, 25+ 
(1946) Nov. 18. 

The author describes briefly the 
Katy gas-condensate field, the pro- 
ducing and cycling equipment used, 
and its operation. The effects of 
acidic-water corrosion are illustrated 
and discussed. The use of plastic- 
coated pipe and the use of soda-ash 
as a neutralizing agent are described 
as being practical means of reducing 
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Reilly Pipe Enamel 


* The protection which any good coat- 
ing gives to a pipe line is dependent 
upon the bond between the coating and 
the steel. On pipe lines coated with 
Reilly Enamel, the coating is so tightly 
bonded to the metal that it is unaffected 
by abrasion, soil stress, direct impact 
or shock. The tough Reilly coating pro- 
vides dependable and lasting protection 
against moisture, electrolysis, extremes 
of temperature, soil acids and alkalies, 
and all other corrosive agencies. 
Reilly Pipe Enamel is manufactured 
This booklet, describing Reilly in two standard grades, also to meet 


Protective Coatings for metal, special requirements. 
concrete, brick and wood sur- 


faces, will be sent on request. REILLY TAR & CHEMICAL CORPORATION 


Merchants Bank Bldg., Indianapolis 4, Ind. 
500 Fifth Ave., New York 18 » 2513 S. Damen Ave., Chicago 8 


Protective Coatings 
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corrosion losses inthe Katy field. 
The need for continued research and 
for field testing of alloys is pointed 
out. Instead of waiting for a com- 
plete understanding of such prob- 
lems, it is advocated that full-scale 
field tests be initiated 
corrosion is found in new fields. The 
arrangement of subsurface equip- 
ment to facilitate corrosion control 
is discussed briefly. The importance 
of keeping equipment in safe work- 
ing condition is emphasized. An 


API paper.—GPC. 


as soon as 


Use of Formaldehyde to Inhibit 
Corrosion. J. A. Cray, Jr., Service 
Eng. Inc., Pet. Eng. 18, 2, 111-12+ 
(1946) Nov. 

When using formaldehyde as a 
corrosion inhibitor, several different 
types of injection systems have been 
tried. The most successful and sim- 
ple systems yet devised may be sep- 
arated into 2 classes; 1) those for 
high pressure wells, and 2) those for 
low pressure wells. For the first class 
a lubricator of some type has been 
found satisfactory. Two examples are 
shown and described. Also described 
is an economical type for use on 
wells with a casinghead pressure of 
less than 50 psi. The system consists 
of a container drum, a barrel pump 
or grease pump, and enough 0.5-inch 
pipe and connections to hook it up 
to the casinghead opening. Since in- 
hibiting efficiency decreases with 
temperature, formaldehyde, is un- 
suitable in wells exhibiting a high 
bottom hole temperature. When 
properly used it usually is 80 percent 
effective against corrosion due to hy- 
drogen sulfide saturated brines or 
acids at low temperatures. Best re- 
sults are obtained if the following 
conditions are observed: 1) Formal- 


dehyde must be injected every day 
to maintain the thin protective film. 
The batch treatment is recom- 
mended; 2) Wells must be produced 
daily; 3) Injection system should 
be closed to exclude air; 4) Formal- 
dehyde must reach the bottom of the 
well; 5) When treating a low pres- 
sure well the casinghead should be 
closed in; 6) Periodic checks of the 
hydtogen sulfide content of the pro- 
duced water, and of the efficiency of 
any insulation material used, should 
be made; 7) When treating a well 
with old equipment in it, first remove 
the sulfide scales. The amount of form- 
aldehyde to use varies with: 1) 
amount of surface area of equipment 
to be protected; 2) dilution effect 
of the produced fluids, and 3) sever- 
ity of the corrosion. 


Laboratory Studies for Determi- 
nation of Organic Acids as Related 
to Internal Corrosion of High Pres- 
sure Condensate Wells. E. C. Greco 
AND H. T. GrirFin, Corr., 2, 138-151 ; 
discussion, p. 151-152 (1946) Sept. 

Gives details of electrometric titra- 
tion analyses of samples of waters 
from these wells, to determine the 
amounts of organic acids present, be- 
lieved to be responsible for much 
corrosion.—BLR. 


Corrosion Problems in the Petro- 
leum Production and Pipe Line In- 
dustry. WaLTeR F. Rocers, Corr., 2, 
59-63 (1946) Mar. 

Outlines the various research in- 
vestigations which have been and 
are being carried on in recent years 
on corrosion of pipe lines, refinery 
equipment and oil-well pipe and 
equipment. Latter problem is being 
investigated by a group at Battelle 
Memorial Institute-—BLR. 
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N ONE OPERATION, this ma- 
I chine delivers a double-bar- 
reled knockout to soil corrosion. 
It applies TWO coats of enamel 
..- TWO layers of J-M Asbestos 
Felts . . . just as fast as pipelines 
can be assembled. 

This double protection in a sin- 
gle operation means installation 
savings, plus long-term mainte- 


nance savings, because J-M As- 
bestos Pipeline Felts are made of 
time-defying, rotproof asbestos 
fibers. That’s why J-M felts are 
the most widely used material for 
guarding enamel against soil 
stresses and distortion. 

Get all the engineering facts 
and figures by writing Johns- 
Manville, Box 290,N. Y.16,N.Y. § 


This niachine double coats and double wraps in one 
operation. It was developed especially for J-M 
by Crutcher-Rolfs-Cummings of Houston, Texas. 
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Corrodibility of Some Common 
Metals and Alloys. Metal Prog., 50, 
884-B (1946) Nov. 

Corrodibility is tabulated for 56 
metals and alloys; with respect to 
water, seashore and industrial at- 
mospheres, various acids and alka- 
lies, salt solutions sulphite liquor, 
dye liquor, and sweet and sour re- 
finery crudes. Also gives maximum 
safe temperatures with respect to 
oxidation resistance to three types of 


gases.—BLR. 


Control of Galvanic Corrosion of 
Iron. C. K. Donono anv J. T. Mac- 
Kenzie, Corr., 2, 20-24 (1946) Mar. 

Explains causes of galvanic cor- 
rosion in iron and steel structure 
and in fusion welds. Shows how po- 
larity of welds may be determined 


by the “agar test” and how iron may 
be protected against corrosion by 
alloying with nickel or copper. 


—BLR. 


Some Experiments on the Effect 
of an Electrostatic Field on the Cor- 
rosion of Steel. S. Eisner, Rev. Uni- 
verselle Mines, 2, 9, 23-25 (1946) 
Chem. Abs., 40, 6399 (1946). 

In a study of rust formation on 
rustless steels it was observed that 
after a rusty spot was produced (by 
a 3 sodium-chloride drop) a passive 
area appeared around the spot; this 
seems to indicate that an electric 
field forms between the rust spot, 
acting as anode, and the area in its 
immediate surrounding, acting as 
cathode. With an artificial anode the 
same phenomenon occurs. The vari- 
able passivity of steel and iron and 
the cathodic, protection can be ex- 
plained in this way.—INCO. 


The Use of Dehydration in Com- 
bating Internal Corrosion in Pro- 
ducts Pipe Line Systems. H. K. 
Puipps, Socony-Vacuum Oil Co., Oil 
& Gas J. 45, 29, 67+ (1946) Nov. 23. 

A brief review of the problem of 
internal corrosion in products lines 
and the use of scrapers in alleviating 
it is given. A detailed description of 
the Socony-Vacuum dehydration 
process is included. Based on con- 
tacting the water-contaminated prod- 
ucts with activated alumina, this 
procedure was first adopted in 1936 
and Socony is the only company 
using this process extensively. Dia- 
grams, photographs and operating 
data of a typical unit are included. It 
is pointed out that dehydration dif- 
fers from all other methods in that 
it completely eliminates the source 
of the trouble rather than attempt- 
ing to neutralize or mitigate its ef- 
fects. 


Corrosion and Chemical Behavior 
of Zinc and Zinc Alloys. K. Bayer, 
Korros. und Metallschutz, 18, 362-365 
(1942) J]. Inst. of Met. & Metall. Abs., 
13, 296-297 (1946) Aug. 

The behavior of zine and zine al- 
loys when subject to atmospheric 
corrosion or attack by natural waters, 
at both normal and elevated temper- 
atures, is surveyed and the results 
of the more important German in- 
vestigations in this field are briefly 


cited.—INCO. 


Corrosion of Castings. Foundry 
Tr. J., 79, 1567, 441 (1946) Aug. 29. 

srief editorial, commenting on 
various examples of galvanic corro- 
sion, calling on engineering shops 
to publish electrical potential of 
wrought materials, mentioning the 
possibility of altering electrical po- 
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Unique RED LEAD “Soaps” 


...check Rusting 3 Ways 


Red Lead has earned its place as the “stand- 
ard” metal-protective paint. One reason is its 
ability to react with the vehicle and produce 
unique lead “soaps.” 

These “soap” formations grow to form a 
‘ough, impervious, intermeshing matrix within 
ihe paint film (see photomicrographs). The 
“soaps” help Red Lead inhibit rust three ways. 


1. Toughen Paint Film. Radiating from central 
cores the “soap” formations develop rod-like 
projections. These form a dense intermeshing 
structure that mechanically reinforces and 
toughens the paint film. 


2. Make Film Water - Resistant. The thick, imper- 
vious matrix of lead “soap” fibres helps re- 
strict the passage of moisture through the 
paint film. And metal cannot rust without the 
presence of moisture. 

3. Keep Film Flexible. The “soap” formations al- 
low movement all along their soft, intertwin- 
ing projections, This flexibility helps prevent 
the ruptures to which a hard, unyielding paint 


The photomicrographs above show how Red Lead 
“soaps” progressively spread out as they grow. 


film is subject. Thus the lead “soaps” aid in 
maintaining the continuity of the paint film. 


Lead “soaps” form primarily in the dry 
paint film as it ages and the vehicle decom- 
poses. Red Lead’s ability to slowly combine 
with the decomposition products actually en- 
hances the life of the film. Red Lead’s slow 
rate of reaction means the film age-hardens 
at a slower rate. It thus retains a high degree 
of flexibility, a great factor in its lasting ad- 
hesion. 


Remember, too, Red Lead is compatible with 
practically all vehicles commonly used in 
metal protective paints, including many of the 
fast-drying resin types. 


Specify RED LEAD for ALL Metal Protective Paints 


The rust-resistant properties of Red Lead are 
so pronounced that it improves any metal pro- 
tective paint. So, no matter what price you 
pay, you'll get a better paint if it contains 


Red Lead. 


NATIONAL LEAD COMPANY: New York 6; Buffalo 3; 
Chicago 8; Cincinnati 3; Cleveland 13; St. Louis 1; San 
Francisco 10; Boston 6, (National Lead Co. of Mass.) ; 
Philadelphia 7, (John T. Lewis & Bros. Co.); Pitts- 
burgh 30, (National Lead Co. of Pa.); Charleston 25, 
W. Va., (Evans Lead Division). 


DUTCH BOY 


Reg. U.S, Pat. Of. 


RED LEAD 
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tential of cast alloys through heat 
treatment, and pointing out that the 
cast iron industry has not made as 
much progress in corrosion research 
as steel. Corrosion of Monel sinks at 
junction with copper attachments is 
mentioned, as well as the fact that 
high silicon, high nickel irons are 
valuable as corrosion resistant ma- 
terials, although “few would con- 
sider them suitable for applications 
other than their established uses, 
the chemical industry.”—INCO. 


Relative Corrodibility of Metals 
and Alloys. R. S. Burro, JR., Mat. 
Meth. 24, 1501 (1946) Dec. 

The common metals and their al- 
loys are listed in their order of elec- 
trochemical activity with brief re- 
marks on their corrosive behavior in 
the case two different metals or al- 
loys are in contact under moist con- 
ditions. 


INHIBITORS 


Inhibitor Effect in Pickling. 
K. Wickert, Korros. und Metall- 
schutz, 19, 297-305 (1943) Chem. 
Abs., 40, 6378-6379 (1946). 

An inhibitor of unspecified compo- 
sition, termed Vogel’s inhibitor, was 
used, Equations were derived for a 
coefficient of inhibition, denoting 
the decrease in solubility of both 
metal and oxide as a consequence of 
inhibitor addition, and a coefficient 
of pickling efficiency which is di- 
rectly proportional to the oxide solu- 
bility and indirectly to the metal 
solubility, both per unit of time. It 
was concluded that simultaneous ex- 
posures of metal and oxide are neces- 
sary for the evaluation of an inhibi- 


tor —INCO. 


Acide Cleaning of Boilers and 
Auxiliary Equipment. S. T. Powe t, 
Trans., ASME, 1946, 905-917, Nov. 

Acid-cleaning of equipment has 
been demonstrated over a long period 
as a useful and economical means 
for removing encrustations from 
boilers and many other types of 
power-plant equipment. This paper 
explains the use of various cleaning 
reagents and inhibitors, the proce- 
dure which should be followed, and 
the precautions to be taken to safe- 
guard both personnel and equipment 
from the hazards inherent in the pro- 


cess—GPC. 


Corrosion of Tin Containers. 
F. JacopsEn, O. A. RoNoxp, AND K. 
Stokke, Tids. Hermetikind., 31, 47-50 
(1945) ; Chem. Abs., 40, 7141 (1946). 

The corrosion of tin cans is prin- 
cipally dependent upon the amount 
of trimethylamine oxide in the 
canned products. Graphs show rela- 
tion between dissolved tin per 100 g. 
of canned herring flesh to which were 
added ammonia, methylamine dime- 
thylamine, trimethylamine, trime- 
thylamine oxide, and sodium acetate, 
respectively, and storage time of 
canned products in months.—INCO. 


INSPECTION 

Detection of Pores in Paint Coat- 
ings by Electrical Means. Testing 
Lacquered Cans. Paint, Oil & Chem. 
Rev., 109, 46-47 (1946) Oct. Conden- 
sation of paper by G. Schikorr, 
Korros. und Metallschutz, 20, 43-51 
(1944). 

Describes experimental procedures 
used and compares results of labura- 
tory and service tests—BLR. 
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CATHODIC 


ROTECTION 


NEEDED? 


Use General Electric Metallic 
Rectifiers for Uninterrupted 


Corrosion Control 


Corrosive action cannot be controlled on 

a “once-in-a-while” basis. That’s why 

these big features of General Electric 

rectifiers mean so much in providing the 

constant, always-on-the-job service, 

which means real protection. 

1. Steady output even under the most adverse 
conditions 

2. Double-wall construction insulates against 
heat 

3. Efficient operation in any location 


4. Fan cooling (on many models) permits smaller 
size and less weight for a given rating 


5. Low cost per watt-output 





A typical 
intermediate-size unit 


Whatever your corrosion control prob- 
lem may be, remember that our rectifier 
field specialists are always ready to give 
you the benefit of their many years of 
actual experience in the development 
and the application of all types of recti- 
fiers. We have a complete line to choose 
from, for efficient, economical protection. 
Let us know your requirements, and 
we'll carry through from there. Write to 
Section A78-616, Appliance and Mer- 
chandise Department, General Electric 
Company, Bridgeport 2, Connecticut. 


GENERAL @ ELECTRIC 
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The Stress Rupture and Creep 
Properties of Heat Resistant Gas 
Turbine Alloys. Nicxoras J. GRANT, 
ASM Preprint 2, 46 pp. (1946). 

Large number of rupture and 
creep tests at 1500° to 1800° F. and 
at stresses from 7000 to 15,000 psi. 
in rupture were made on a series of 
vitallium-base (cobalt-chromium- 
molybdenum) and nickel-chromium- 
cobalt-iron-base alloys. Variables 
studied were effects of increasing 
amounts of carbon and nitrogen and 
the hot strength and ductility of 
these alloys; the role of heat treat- 
ment and aging; the relationship of 
the stress to the rupture time and 
to the minimum creep rate measured 
in both rupture and creep tests. An 
important relationship was shown to 
exist between time at temperature 
and the resultant ductility at frac- 
ture. Results given —BLR. 


Aluminum-Magnesium-Silicon Al- 
loys. The influence of the Silicon 
Content, and of the Corrective Ele- 
ments Manganese, Chromium, and 
Titanium on the Tensile Properties 
and the Corrosion Resistance. 
C. PAaNsERI AND M. MONTICELLI, 
Allumino, 14, 51-70 (1945); Chem. 
Abs., 40, 22, 7129 (1946). 

The mechanical properties and the 
resistance to the corrosion of the 2 
percent silicon alloys are better than 
those of alloys containing less or 
more silicon. Titanium does not 
show any influence; manganese and 
chromium increase the mechanical 
resistance slightly; the addition of 
0.25 percent chromium has the sara 
influence as 0.7 percent manganese. 
After artificial aging, alloys with 0.3 
percent manganese are the best. On 
heating at 530° and quenching in 


water at 0°, aging is complete after 
five days at room temperature, o1 
after 12 hours at 160°. Chromium 
and managanese show hardening ac- 
tion, but are without influence on 
the aging. The addition of 0.7 per- 
cent manganese increases by 30° the 
temperature or recrystallization, and 
0.2 percent chromium decreases this 
temperature by 20°. By increasing 
the silicon content, the corrodibility 
is increased. 


The Constitution Diagram of Ni- 
trogen-Containing Chromium-nickel 
Steels. H. KrRANIER, AND M. Nowak- 
LeovittE, VDE, Comm. on Materi- 
als, Report 588; Archiv Eisenhutten- 
wessen, 15, 11, 507-513 (1942). 

Thirty-nine low carbon steels with 
10-30 percent Chromium, 3-30 per- 
cent nickel and 0.04-0.49 percent ni- 
trogen were melted and studied for 
microstructure, magnetic saturation, 
hardness, and notched-bar impact in 
the quenched state as well as after 
anneals at 650° and 800° C. The re- 
sults are summed up in diagrams 
showing the distribution of the 
phases at 1200, 800, 650 and 20°C. 
In chromium-nickel-nitrogen steels, 
when compared with straight chrom- 
ium-nickel steels, new phases do not 
occur. The ranges of stability of the 
individual phases undergo changes 
and it is especially the range of sta- 
bility of the phase which is widened 
toward lower nickel contents. The 
occurrence of the brittle sigma phase 
is found to be little affected by the 
addition of nitrogen. Photomicro- 
graphs, and 9 references are given. 


—INCO. 


Effect of Alloying Constituents in 
Light Metals. S. A. J. Sacer, Mech. 
World and Eng. Rec., 119, 362 (1946) 
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DIPPED IN MOLTEN ZINC 
For Che T0005 


The metal parts of farm machinery, equipment, 
structures and installations are constantly ex- 
posed to the elements that are the cause of rust and 
corrosion, Hot-Dip Galvanizing definitely seals 
out these causes because it sea/s in the metal. 


CHICKEN FEEDERS ‘WATER FOUNTAIN 
BROODERS CHICKEN NESTS 


he 
geore WINDOW SCREENS 
MOLTEN ZINC applied to metal by the Hot-Dip Gal- 
vanizing process provides the utmost protection against 
rust. Because, through the high temperatures involved, 
this process creates a fusion of protective zinc with the 
base metal. 

Only Hot-Dip Galvanizing creates a bond of iron-rich 
alloy which holds the best possible coating of protective 
zinc to the metal, sealing out the causes of rust and 
corrosion. 


for the best 


' 
) 
f 


in Kast Freeh 


ROOF 
SILO RODS AND TURNBUCKLES WINDMILL 
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Time-tested and proved under climatic conditions 
in all parts of the world, Hot-Dip Galvanizing has long 
paid its way in providing longer life, greater uninter- 
rupted service, and in effecting savings by averting 
costly replacement and maintenance. 

For information regarding your particular problems 
of rust and corrosion, write American Hot Dip Gal- 
vanizers Association, Inc., First National Bank Building, 
Pittsburgh 22, Pennsylvania. : 
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TAPEGOAT Those 


“Weak Links” 


In Your Fight Against 
Corrosion... 


It doesn’t make sense to protect pipe with 
quality coatings and then use makeshift pro- 
tection on pipe joints. After all, protection 
is only as good as its weakest joint. 


That’s why more and more distribution en- 
gineers are standardizing on TAPECOAT— 
the dependable wrapping in tape form that 
provides pipe joint protection equivalent to 
the mill coating on the pipe. 

TAPECOAT is easy to apply. You simply 
spiral wrap the joint, starting and ending on 
the mill coated pipe, thus making the pro- 
tection on the joint equal to the coating on 
the pipe. It will pay you to guard against 


those “weak links” with TAPECOAT. 


Write for complete details. 


The TAPECOAT Company 


1523 LYONS STREET EVANSTON, ILLINOIS 


ar. 29. Corr. and Mat. Prot., 3, 6, 
25 (1946) June-July. 

Discusses the effects of copper, 
silicon, iron, magnesium, nickel, 
manganese, zinc, bismuth, tin anti- 
mony, titanium, and cerium on the 
properties of aluminum. Magnesium, 
manganese or zinc additions to alu- 
minum retard corrosion.—INCO. 


Corrosion - Resistance After Cold 
and Hot-Age-Hardening of Alumi- 
num - Copper - Magnesium Alloy 
Sheets with Different Clad Coatings. 
W. Buncarpt, Metallwirts, 28, 221 
227 (1944) ; Brit. Abs., BI, 73 (1946) 
Feb. 

Pure aluminum as a coating for 
duralumin-type alloys has the dis 
advantage of favoring diffusion of 
copper, while coatings of aluminum 
magnesium-silicon-manganese alloys 
are subject to intercrystalline corro 
sion. Corrosion tests in stirred aque 
ous sodium chioride plus hydrogei 
peroxide were carried out on 12 sam 
ples of duralumin from different sup 
pliers, coated with aluminum, alumi 
num-manganese, and aluminum 
magnesium-silicon-manganese alloys 
Specimens were solution-treated and 
then aged at both room and elevated 
temperature. The aluminum coatings 
gave the poorest protection, while 
the alloy coatings were of approxi 
mately equal value. The tendency of 
aluminum - magnesium -silicon-man 
ganese alloys to intercrystalline cor 
rosion had little practical effect on 
the resistance of the coated sheet. 


ASTM Specifications for Steel 
Piping Materials. ASTM Committe 
A-1 on Steel—ASTM Philadelphia, 
(1946) Dec., 296 pp. 

Specifications are given on pipe, 
tubes, castings, forgings, and bolt 


ings. 
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Engineering Properties of “A” and 
“L” Nickel. Met. Prog., 50, 835 
(1946) Nov. 

Gives magnetic properties, physi- 
cal constants, short-time high tem- 
perature tensile properties, endurance 
limit and apparent corrosion fatigue 
limits in tabular form and charts 
average tensile properties and hard- 
ness.—BLR. 


Grain Boundary Penetrations by 


Liquid Metals. II.—Attack of Plat-- 


inum Alloy Sparking Plugs by Mol- 
ten Lead. P. J. E. Forsytu anp W. R. 
SmitH, Metallurgia, 34, 245-246 
(1946) Sept. 

Attack by lead arising from use of 
leaded fuels. Part I of this series 
(ibid., 34, 186-188 (1946) Aug., dealt 
with service failures due to the con- 
tact of molten metals with stressed 
parts— BNF. 


The Crystal Structure at Room 
Temperature of Eight Forged Heat- 
Resisting Alloys. J. H. Kirtet, 
NACE Tech. Note 1102 (1946) July. 

Crystal structures of eight forged 
alloys S 816, S 590, Gamma Colum- 
bium, Hastelloy B, 16-25-6, 19-9 DL, 
Nimonic 80, and N 155 (low carbon) 
—were determined by X-ray diffrac- 
tion methods to measure their suit- 
ability for high temperature use in 
gas turbines and jet propulsion en- 
gines. The predominant phase in 
each alloy was found to be a solid 
solution of the chief alloying ele- 
ments. The crystal structure of the 
solid solution is the, face-centered 
cubic type. Alloys S 816, S 590, and 
Gamma Columbium, which contained 
the largest percentages of columbium, 
were found to show diffraction lines 
from a second phase that is believed 
to be columbium carbide.—AER. 


ACIPCO PIPE RESISTS CORROSION 


Mono-Cast Centrifugal Cast Iron Pipe 


High resistance to Soil Corrosion 


GAS LINES 
SEWER LINES 
] OIL LINES 
FOAMITE LINES, ETC. 


Used extensively for: 


Mono-Cast Alloy Iron 


Centrifugally Cast Steel Tubes ; 


( WATER LINES 


CONDENSER COILS 
SPECIAL SERVICE 


PLAIN CARBON 
HIGH ALLOY, including 
18/8 & 25/20 CHROME-NICKiL 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 
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Stress Corrosion of Austenitic 
Cast Irons. Joun B. Ursan, JOHN 
W. Botton AND AusTEN J. SMITH, 
Foundry, 74, 88-90-+- (1946) Nov. 

Samples of austenitic cast iron 
were immersed in 50 percent caustic 
at 280° F. while being subjected to 
long period tensile loading. Results 
are shown graphically and in tables. 
Studies show that for the corrosive 
action and temperature considered 
there is a relatively high limiting 
stress below which the effects of 
stress-corrosion on austenitic irons 
are either negligible or nonexistent. 

-BLR. 


Quantitative Evaluation of Inter- 
granular Corrosion of 18-8 Titanium. 
FREEMAN J. Puitiips, ASM, Preprint 
6,16 pp. (1946). 
made of the detection, 
cause and methods of elimination of 
intergranular corrosion in 18-8. 
Quantitative method for predicting 
intergranular corrosion of 18-8 titan- 
ium developed for a given set of con- 
ditions. In deriving this method, an 
explanation was found for the corro- 
18-8 titanium in which the 


Survey 


sion of 


titanium. content exceeded the stoi- | 
ckiometric ratio of four times the 
carbon content. Method is based on 
microstructure and chemical compo- 
sition and is thought to be applica- 
ble to other grades of stainless steels. 
—BLR. 


Can Compression Stress Cause 
Fatigue Failure? JoHn C. Srravp, 
Am. Mach., 90, 120 (1946) Oct. 24. 

Proposes modification of the state- 
ment that all fatigue failures are 1 
result of tension stresses, showing 
actual failure may be caused by com- 
pression. Discusses stresses in sim- 
ple bending. —BLR. 


Electrochemical Behavior of 
Stainless Steels. IV.—Electrode Po- 
tentials of Stainless Steels and Their 
Components in Ferric Chloride So- 
lutions. V. P. Batrakov AND G. V. 
Axkimov, Comptes rendu (Doklady) 
de l’Acad. des Sci. de URSS., New 
Ser. 46, No. 5, 191-192 (1945). Corr. 
& Mat. Prot. 3, No. 1, 27 (1946) Jan. 

Investigation of the electrode po- 
tentials of typical stainless steels in 
ferric solutions of different concen- 
trations. 


Abbreviations at end of abstracts indicate contributors cooperating in conjunction with 
the American Coordinating Committee on Corrosion, and the National Association of Corro- 
sion Engineers to reproduce all abstracts pertaining to corrosion under one cover, in the NACE 


journal, Corrosion, and are as follows: 


American Society for Metals (Metals Review). . .MR 
American Society for Refrigerating Engineers (Refrigeration Abstracts) ae 


Battelle Memorial Institute Library (Battelle Library Review) 
Consolidated Edison Co. of New York, Inc. 
General Petroleum Corp., of California... 


International Nickel Co., Inc. 


Institute of Aeronautical Sciences, Inc. (Aeronautical Review) 


institute of Petroleum 


McGraw Hill Publishing Co. (Electrical World) .. EW 


(Chemical Engineering) 
Revue de Metallurgie 
Universal Oil Products 
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GPC 
INCO 
.. AER 
a 


ce 
..RM 


Calco Chemical Division, American Cyanamide Corp. 


National Bureau of Standards 


Aluminum Laboratories, Ltd. (The Abstract Bulletin) 








